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Forfum  favors lhc hold. - Vi rgil

At this very mormmt, spacec.]  aft Galileo is orbiti~lg,
the planet Jupiter. We invite you to joitl  us for at I

exciting 2-year rnissicm, lhc frost exkmive  visit to
an outer planet and its satellites.

—.—.—,— --- .- . . . . . . . . . . . . . . . .,. -—. ..— -—. .__. _. . . .
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Slt CT ION 1 Project Galileo }Ias pleparcd  this guide to help you share with us a unique
cxpcricnce. ‘]’hc (iali]m  spacecraft tour is the first {imc an orbiter has
explored an outer plfincl  and its satellitcsyste~n,

in this guide, wc ofikr ti look back and a look al]eacl.  The basics are
hem--–our reasons for ~oin~!,,  the journey so fal, the spacecraft structure for
both orbiter and pl obc, the ]rmtrmnc]]ts aboard each, mu arrival at Jupiter
with a quick look at the scic]]ce res~]lts,  and the satellite tour itself.

ABOIJT
EYI route to Jupiter the skill, cnc~ gy, and dedication of many contributed to

TIIIS
discoveries anti tl]r gatlmitj~!,  of scientific ilifo~rrlrition  despite difficulties.

G IJ I D E Arrival Day made i! al 1 WOI [hwl]ilc when the ml)iter and probe performed
flawlessly. The plamil]p bc(:un years ago and fine-tuned along the way
had bccomc a reality.

And more mysteries to bc solved lie ahead as cvm] now Galileo is
collecting clata while approaching Ganymcdc fo] the fh-st encounter of the
tour. WC’VC  listed some ways you can keep up with the news. It’s
available on tllc Intcnwt and in hard co~iy.

World Wide Web:
The Galileo  hmne pa~c: llttp://v’\\’u~  .jr)l.~lasa.gov/galilco

JPL ln~o Gmputcl  IIullctin  Dcrald Service: l}ttp://www.jpl.  nasa.gov

Online From Jupiter. l]ttl)://ql]est.  arc.] ]asa.gc)\~~i~]]> itcr.htl~ll

NASA .lPI ~ 1.earj]iltg,  1.it])i: http: //lealn.jpl.nasa. gov

NASA Spacel  ink:

Gopher:

NASA SpaccI..ink:

Anonymous FTIB:

http//spacelink  .msfc.nasa .gov

s])a.cclink.]nsfcnasa.  gov

JPL ]rrjb Computcl  Bulletin Board Service: jplinfo.jpl.nasa.  gov
(137 .78.1 04.2). 1 og on as anonylnous,  thm scrld your city and state
(city and cowtt~y  for forei~n  users) as the password (commas and
spaces arc ok, u]) to a total of 15 characters).

NASA Spaccl..ink:  s~lacclir~k.rllsfc.l~as  a.go~’ (1 92.149.89.61 )

. . ..—. —.—---  .- . . - ----------  .. —.., — . . . . . . . . . . . . . . . . . .

Abcmt  This Guide ● Page 1
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Modem:

. .. JP1. info (kIJIIpUtCI Rullctin  Iloard Service: l)ial (8 18) 354-1333.
Set paranmtcrs  to Ilo parity,  8 data bits, 1 stop bit. This line supports
speeds  up to %()(1 bEi Ud .

NASA Space] ,ink: 1 lial (205) 895-0028. Set parameters as follows:
terminal emulation at \) ’l’-l 00 and data fo~ mat at 8-N-1.

Hard Copy:

The PI ojcct (ialilco newsletter, 7’hfI Galilm  Mcs.wwger
(also available or) the World Wide Web);
to receive a copy, call the edito] at (818) 354.5593.

Contact  (ialilco Ilducational  outreach  (818) 393-0593,
Public information office  at (818) 354-5011, or
Teaching Resource (Jfficc at (8 18)354-501 1
to receive additional materials.

NASA Television (IW1’)

NTV is broadcast oli Spacenct  2, transJlonder  5, channel 9, C-band,
located at 69 dc~,lccs West longitude. l’hc frequency is 3880 MHz.
Polarization is horizonta]  and audio is ~ncmulal  at 6.8 MI17,.

—...——,. —— - .- . . ,. ---- . . . . . . ..—.. — .-. . . . . . . . . . . . . . . ____
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S E C T I O N  2 Every  cloud has a si]vc]  I]]ijng.  Consider the ~OIITJ)Cy  of ~a]i]co from
Ear-lb to Jupitel. \I’}Ic~l the (H~allc~,Scl  exploded in.Jan~lary 1986,
preparations WCJ c UJdCJ way to laut~ch  Gali]co ill May. This launch
would have used a shuttle  to early the spacecraft  to low-~artb orbit.
Galileo would thct] have bccm bc)os(cxi  to Jupitc] using the powerful
Centaur rocket as an u~qm- stage.

The Galileo project was hit by a double  whammy. }~irst, the shuttle fleet
was grounded ~)hi IC problci~~s  were identified atld fixed, Second, the

T 11 E Centaur was folbidcico  to he can id on a space shutt]c.
J01JRNEJ7
T o Mission dcsiglms  worlicd to fil)cl al]other way to Jupiter. Several ideas
JIJPITER were suggested. (hw idea 1~’as to sl~lit the fligt~t  system into two pieces

and launch each scparatc]y.  All the propose(i sc}lcJncs were either too
costly or not able to acconq)lish  all the missio]]’s scientific objectives.

VEIWA- Finally, trajectory experts discovcrtd  t}lat ifthcy launched the spacecraft

The  Solution toward the planet Venus thc]~  would bc able to g,ct to Jupiter using a series
of gravity assists. l’hc s]]acccrafi  would flyby Venus and then twice by
the I;arth itself, l’ltcsc three ~ravity  assists WOUI(l  make up for chemical
energy that was lost with the banne(i Ckmtaur  rocket, ‘llc trajectory was
named “V} WKiA” fo~ “Verj~]s--Eartlt  Enr-th (iravity  Assist.”

A gravity assist occurs  W}XJI a spacecraft flies past a massive body at just
the right place. ‘1’l]e  spacecraft receives a boost irl energy (and a change in
direction) by the gl .avitationa  I actio~l  of the body.

OJ]C of the big, drtiwhacks  of the VE1;GA trajectory was that going near
Venus would bring the Galileo spacmraft  close] tc} the Sun than it had
been dcsigtled  to fly. (Venus is only t we-thirds of Earth’s distance from
the Sun.) So, spacmraft cng,ineers had to chansc the thermal protection of
Galileo to prevent da]nagc as it swu]lg toward the Sun. other  drawbacks
included having,  to add anotllcr  low-p,aili  antenna, a lot of aging analysis
caused by the exkwclcd time.  here. an(i in spat.c, al)cl a concern about
avoiding Earth.

With the V}WGA tl aiectory,  scientists realized  that there was indeed a
silver lining. “1’he coinp]cx ptith to Jupiter wou](i carry the Galileo
spacecraft by scve)-a] interesting c)bjccts.  The detour was not just an
annoying delay. I:ascinatins oppmtu]iitim  lay ahead.

—.. —.—-— — . - . -—-------  . ..-..., ~.-—. ..— ________  ., . . ____

The .lourncy  to Jupiter ● Page 3
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The MW;GA
Trajectory

Liftoff!
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An infrared  image  of
the Cloud.~
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Galileo was launched aboard the Space Shuttle Atlantis on October 18,
1989. in place of the Ckvitaul,  the IIicrtial lJppcI  Stage (IUS) was used to
boost the spacecraft on its joumcy. AloIig the R’ay to Jupiter there were
encounters with Vctlus (} ‘cbmary  10, 1990), I;a]th- 1 (December 8, 1990),
asteroid 951 Gaspra (octobe] 29, 1991), Earth-? (1 lccernbcr 8, 1992), and
asteroid 243 Ida (August 28, 1993). in addition to their science value,
these encounters were used to calibrate and characterize the spacecraft’s
instruments in suplm-t of its future activities at Jupiter.

On February 10, 1990, tlw Galileo spacecraft flew to within 16,000 kilo-
meters of Venus. Sciclltific  obsewations,  inducting 81 images of the
planet, were pcrfcmld  from closest approach – 1 day to+ 7 days during
the encounter period, The pictures of cloud-covered Venus revealed new
information on the stmcturc aud dynamics ofthc thick atmosphere.

‘.

--- —.——. -----  . . . - . --------  .. —-. .— —..--—— . . . ______
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Galileo loopcxl  back to } ;ar[ll later that year. ‘1’hc spacecraft passed above
the surface at an altttu(ic of 960 kilonmtcrs.  (ialilcq  took more than 1000.,
pictures of E:iltl)  tc)c~eatc alll;artll-rotatiol~  J~lc}~~ic.  This movie displayed
weather pattcrllsfl”o~n  (ia]i]co’sunic]uc  pcrspcclivc.

)1OW Aliens Atapress  collfcrcllcc  aftcltllc  l:,art}]-] cncountcl, the P1ojcct Scientist,
Would See Us Dr. Torrcnce Joh]lso)l:,  p~ovided a ulliquc  ovm-view c)f t}]e flyby. Ile

ima~incd  (.ialilco was an alien spacecraft from somewhere near the star
Arcturus. What would t]lc tiliens have learned about planet Earth? They
would know that l~ar[h’s  oceans wej c not very deep since the planet’s
density was mo] c than S times that of water. A lnagnetic  field would have
been detected. This field would  allow them to deduce  the prescncc of the
planet’s fluid, colldlicti]l~ core. The chmnistry  of the atlilosphere,  with its
low amount of carlmn dioxide and high amount of oxygen, might indicate
life. Radio sigtla]s, most likely not of natulal  01 i~i~l,  would have been
detected. This furlhcl supported the possibility of life. “1’here were
probably volcanoes, but J1O active  volcalmcs  WCIC spotted. Plate tectonics
were not dctectcd,  .lohnson conclude(t  his talk by saying t}~at the Arcturan
Academy of Scicllccs woulfi certainly ask their g,ovcrnmcnt  to fund
another mission to l~artll,  preferably an orbiter.

Earth F/yb.y

. . ..—.—.—---  . . . -,-- - ..-- .,. .-— . ..— — -—— .-...— —
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The }ligh-Gain III April 1991, the (ialilco flight team prepared  to open the spacecraft’s
Anicnna 4.8-meter mesh hip,h-gain wltclma. The antcnlm Ix@ been stowed Iike a

closed umbrcl]a  since launch, l’eo])lc arc always  nervous about doing a
major mechanical c)pcraiion  in space. You cali’t go out there with your
tool box if it docsl l’t work. ‘l’his time their WON fears came true. The
antenna faileci to open.

For many months, the lvohlcm was studied and various fixes were
attempted---heating, tllc anlc)ma using  sunlight, cooling it by turning it
toward the. cold c]a~kness  of’ deep s~)acc, and trying  to force it open with its
motors. The device  ~cmainc.d  stuck,

Analysis of the av:iilahlc  cn[!,incmri]lg  l~~cas~lre.ll~cl}ts  showed that the
antenna had only partially c)]lcncd.  It was of little o) no use as a
comnmnicatiolts  de.vim. Reluctantly, the project began to consider how to
carry out its mission using m]ly the low-gain alltcnna to transmit data to
the ground,

The rccovm-y st]atcgy  had two main thr[lsts. First, the sensitivity of the
Deep Space Network (IJSN) was increased substantially. (The DSN is a
network of thl-ee deep space colll~~l~]l~icatio~~s  facilities located around the
Earth at about 120 dcgrccs  al)art, allowing ccmstallt  observation of a
spacecraft as the }ial  th ] otatcs.)  %concl,  methods  of compressing data
onboard  the s~wcc~ aft bcfol r they were sent to the. ground were
developed. That way fewer “bits” could do the work of more. So
effective were the plans  of spacecraft el]gincers and mission planners that
it has been csti]natcd  70 percent of (ialilco’s  oriu,inal  scientific objectives
will be met.

Cruising the Asteroid 951 Gasp] a w$as the next tal get aftcl Ea~th-  1. The closest
Asteroid Belt approach to Gasp~a,  01( Octolwr 29, 1991, was at 1600 kilometers.

imaging ofthc astc]oid  started at onc Gaspra  “day” (7 hours and
3 minutes) before closest app~oach. Images we) c taken  as close as
5000 kilometers. Approximately 60 ])erccmt  of the surface was
photographed. C)l)jccts as sn~al] as about 50 meters cou](i  be seen in some
images. The imap,cs  were stored on the spat.cct aft’s tape recorder for later
transmission over t}m lov’-g,ain antcrjna, I’his first space encounter with an
asteroid showed it tc} bc arl i] I egular  object  (19 by 12 by 11 kilometers)
covered with craters.

The I“)ecembel  1992 flyl)y of”} iarlh went smoothly. (loscst  approach was
at an altitude of only 30S kilcunetcrs.  (1’hc space shuttle, the space
transportation syslcm or STS, typically orbits the l{arth at an altitude of

—. —.—,. —— - . . . . . .. ----- ---- .-—. .— .._ -----  -..+. . . . ----
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immediately upmi the heels of the Ida data rctur~l, it bccamc apparent that ‘
the Cialileo  spwxxraft ~~ou]d  have a direct vimv of an extremely rare.,
event. It would witness the impact of a comet with Jupiter. No Earth-
bascd  telescope wcnl]d be silnilarly  favored.

‘I’he Cornet Gene and Cal olyli  Shoclnakcr a~~d 1 )avid 1,evy discovered a fragmented
Spcctacl+-S-L9 comet on Marc})  24, 1993. Since tlic comet was the ninth discovered by

this team, it was labeled “S)loen)akcr-I,cvy  9“ (S-1,9). “Jhc discovery was
made with the ().5- mctcl Schmidt telescope at the Palomar Observatory in
California.

Originally a pcrioclic colnet  in orbit about the Sun, the comet was captured
by Jupiter. It may have lmdicn  into pieces ill July 1992 when it passed
about 100,000 kilm~icters from the pian! plallct.  I]y coslnic  standards, this
is a very close passage, but ~~herl  astro~lomers examilwd  the future path of
the cometary fragtmntsj  they wtxe astounded to find t}]at in July 1994 the
cornet would actually slam into Jupiter.

Galileo was a~~ll~(~xill]iitcly  240 li~illion kilometers from Jupiter at the time
of the impacts. All told, ;?3 fragments splashed into the atmosphere
between July 16 and July 22 while (iali]eo pcrf{nmcd many scientific.
observations frol~~ its unicpe perspective.

S-1.9 A rriws  at
Jupiter

—..-—.—.— -- .-. . “. -,, --- - ..-_. . . . . . . . -_ . .._ ._ ., . .
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Venus
.,

(~c)ufrrlllatiot) of ligt)lllirl~ (I’M’S)

lnm[?,cs  ofmid-clmrd level (Nlh;S)
]II)8[!CS  @f SUI fa(’c  (N1h4S)

Unique n~easuremcnti of t)Ic distant regions of the
n~ap,l)etotail  (MAG, J’1 ,S)
IJiswvcry c)f intc]ligcnl  life (} ’W’S)
Earl}l rotatio]] movie (SS1)
h4clvic of h400n passing in flo]lt of l:.artb  (SS1)
lma~es  of Arltarlica (SS1)
vlSLliil  and infrared images c)f Ihc Andes mountains (NIMS,
Ssl)
Visu:il arlcl infrared irtlagcs  of the lunar farsidc and the polar
rep,ions (NIMS, SS1)

}’irst and scc.o]ld CICMC  cl~counter  with  an asteroid (all
lnstl  tInv3Jts excepl  HIC)
~)isco~w-y of first conftrlncd  asteroid moon, Dactyl
(NIMS, SS1)
llnexpcctcd  solar wincl/astcvoid interaction- -magnetic
signature? (hfi AG)

(h)ly direct ot,scrwrtiom  of itn]lacts  (SS1, J’PR, NIMS,
[w)
(hIly direct cbwractcrimtio])  of the si7c and temperature of
tllc i]l,pact  firchall  (NIMS, P1’R,  LJVS)
Iktw{ion ofthc “s]llash-back.”  ofthc nlaterial  ejected from
t}w il]lpacts  (N IMS)

I)iscovery cjf the ]rlost  intense dust storm ever recorded
(1 )1)s)
hiap])ing  ofhydro~crl and hclioln  distribution in the solar
systelt~  (HJV, {JVS)
(hariicteri7atiol~ of large solar fla]e  (}IIC)

1 )cnm[lstrfi(ion  of deep-s~mcc o],tical  communication using
laws (SS1)
Conl~llcte  rcwcu  k and reloadinx  of primary computer
softw’arc  (A A(-S,  (;1}S)

Note: Acronym I}cf]niticms:

AACS = Attitude ancl Arliculatiol~  ColMol
subsystem

CI)S = CoInmand ald 1 lata Subsystem
1)1)s = I)USt Iktcclol  Subsystm]  I

~j~J\f = Extreme Ultlwiolct
(Spcct]omclcr)

I]]c = } Icavy lon Counter
MAG = Magnctonwtcr

Nlh4S = Near-lnfrarcd Imaging
SJJcctrorncter

PLS = Plasma Subsystem
PPR = Pllotopolarirnetcr

IGidiomctcr
Pws ‘ l’laslna  M’avc  Subsystem
Ssl = Solid-State imaging
LJVS = LJlt]  aviolet  Spcctrornetcr

I -... —.——-. . . . . ,-. ..,--- . ..-- . ..-— . ..— -.. -- . -—------- . . .——
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l’robe Re]case The final major missimi event in getting ready for .lupiter  arrival occur-red
and ODM in July 1995. (h] .lu]y 13, tile atmospheric probe wws cut loose from the. . .

orbiter. 3’hc prolw was pusl~ect  ge~ltly  away, continuing, on a trajectory
that guided it into Jupiter’s atmosp]lerc  on IIccclnber  7. The probe could
not communicate ~~rit’tl the orbiter cluring  the cr~lisc. to Jupiter.

The orbiter had to k dcfkx{cd  iro]l~  its cou] sc so it wouldn’t follow the
probe into the. atmosphere of Jupitet. The orbitcl deflection maneuver
(ODM) occurlcd ml July 2’1. It was the first major use of the 400-newton
main engine of t}w spacccratl. Afkv 6 years ill sl)acc, the propulsion
system functioned well. (1 ,xccpt  fm a 2-second wake-up burn 5 days
earlier, this en~illc aclua]ly IIad ~Jot  been flrc.d since 1984.)

At ODM the engine bunlcd 308.1 srconds. Valuable data on engine
characteristics were gained. These datti were used to plan the bum
sequence to inscr[ tl)c or-bitcl into a trajectory about Jupiter. After a bum
lasting 49 minutes, the orbiter would begin its ?-year tour of the gas giant
and its complcnicnt  of satellites, rings, and n~agtwtosphere.

The Tape
Recorder
Challenge

The Jupiter approach phase officially began on octobe.r  9, 1995. On
Octobcr 11, the orbitc] ] CCO1 dcd a global image of Jupiter with the probe
entry site in view. 147hen the tape rec.o~dcr was commanded to rewind so
that the picture could be trallsmit[ed  to l:arth, 1’] ojcct personnel received
an unexpected jolt. Data from the s])acccraft showed that the tape recorder
had failed to stop Icwin{iing.

After commands WC]C scld ir} real titl~c  to stop the recorder, engineers
quickly began an extensive arlalysis of the problcm.  Was the tape broken?
Was it slipping? 1 lad the ta~]c recorder actually stopped but sent a faulty
reading?

On October 20, the tape rccolder was tested and a few seconds of data
were played back. ‘1’he tape lccordc~  was still olwrational  ! Jlowever,  a
preliminary stuct~!  indicatcc]  that the ttipc rccordcr could be unreliable
under some of the plalincci  Ju~)iter approach operatin~  conditions.

C)n October 24, the spacccraf[ executed commands for the tape recorder to
wind an extra 2S tin]cs aroun(i a section of the tape. This section was
possibly weakened where the I ccoldcl  was stuck it] rewind mode for about
15 hours. lndicatiolls  we] c thfit the ta])e had not n)oved  during this entire
time. The drive mechanisms had bee]] slipping and possibly rubbing
against the tape. Spacoo aft c~]gineers  arc unc.er[ail~  about the condition of
this area of tape so it is now “off-limits” for future  I ecording.  The extra
tape wound over it sccurcs  that area of ta])c, eliminating any stresses that

,-..——.——. . . . . . . ,---- ..-- . ..-— .. —-- . ..___. . . . . . .
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could tear the tape at this poum[ial  weak spot. 1 }Ilfortunatcly,  the
approach image of ’.lupitm tl]at Galileo took on oct~bcr  11 is stored on the.,
off-limits poriion  of the tape and wi II not be played  back.

Engineers continue(i  to anal~ze  the tape rccorcicr’s condition so that they
could fully undcrslan(i  its capabilities ald potmltial  wcaicnesscs. I’hey
hoped to find ways to operate. the recorder with little loss to the orbital
mission objecti~’m.  (;onsec~llcntiy,  the decision was made to use the tape
recorder, but SIEU iIIp,ly, on a~)proacl~  to .lupitcr. All ima~ing  and other
high-rate data (inc]uding  the pictures of Europa  aTlci  10) were eliminated
from the awival sqLIcIJc.c. (}nly tht- ]ow-rate data opportunities were
recorded: the protw data anti the unique flclds a~~d particles data in the
10 torus.

Looking back, the cruise pluise of Galileo was vcly valuable. The
spacecraft was characterizexi,  assuring  us of the performance we could
expect from it. ‘J’hc instruments we] c calibrated. Wc added to our
knowledge of Venus, the }iar[h,  and the Moon. \?)c rewrote the chapter on
asteroids. We haci t}lc best ]wrspcctive  on the ccwnic  show provided by
Shocmakel--l  .evy 9.

The wonders of Arrival IIay- -tc) bc :cnlembcrcd always--are told in
Section 6, Arrival at Jupitcl.

. . —.——-_  .- .- . . . . . . ..- —... -.. .-—.. — -—. . . . . . . . . . . . . . —_____
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SF; CT ION 3

THE
PI. ANET
J U P I T E R

Early
Explorations

..

For thousands of years, people have watched a tn ight wandering light in
their sky. Only one other wanckxw (Venus) wfis brjghter,  but it never
appeared high in the, nip,ht  sky. This “wandering. star” or planet was
named after the ) u]cr and most powerful of thr Roman gods of
mythology-- Jupiter.

Jupiter is the lw[:cs[ plmlet in the solar system. It is about two and a half
times more massive thfin the other eight planets combined. If it were
hollow, more thal~ 1300 }Iarlhs  could fit insic]e.  ]Iowever,  Jupiter’s
density is only a litilc more than thfit  ofwatcr.  It is a gas planet, not a
rocky one like l;artli.

Through a telescope, .lupitel  appears as a yellowish disk, crossed with
orange-red bands. Sil]cc the mid- 1600s, astro~mmcrs  have noted spots
moving across Jupiter’s fact as t}~e  ]danet  rotates. Some of these spots and
other cloud fcaturrs have SUT vivcd fbr years at a time., much longer than
clouds and storln systelns  do on Eat th. The Ionjz,cst  lived of these spots is
the “Great Red Spot.“ ‘1 ‘his ~~igantic  red oval (about three times the size of
llarth) was first rc~mrted  in 1664.

Astronomers have used these moving spots to roughly measure the
planet’s rotation pm it)d, A .lupitcr “day” is just wldcr ten hours. Jupiter
has the highest rottition period  of any planet, causing the slightly squashed
appearance of’ the clisk. “l-he equato~ial radius is 4300 kilometers larger
than the polar radius.

Five spacecraft firo~il Earth lmve already made t}lc journey to Jupiter.
Pioneers 10 a~l(i 11, lau~lched  in 1972 and 1973, respectively, were the
first spacecraft to cxp)cn c space beyond the orbit of Mars, cross the
asteroid belt, ancl provide close looks at the g.iallt  planet. The Pioneer
spacecraft we] c “spinners. “ ‘l’hey rcltated  cm~stantly like giant tops. This
design was very stable and required ]CSS  complicated guidance than a non-
spinning craft.

The instruments COUIC1 CO1lCCI data f)om many different directions while
the spacecraft was sllirmij~g.  lnstrun]ents  measuring enetgetic particles
and magnetic fields pcrftirm well on a spinning spacecraft. Other types of
instruments, such as cameras, do not do as WC]]. imagine trying to take a
picture while you were ridinp,  a men y-go-rcnmcl.  ‘J’hc Pioneers carried 11
instr-umcnts. So]ne WCIC for sensing small meteoric particles and charged
particles. Sonic WCIC for mc.asuting  .lupiter’s magnetic field and radiation.
One instrument, tllc imaging ])hotopolarirneter,  measured the brightness of
a narrow st~ip  of the pkmct.  It toc)k a measurement during each spin of the
spacecraft. A~i it nap,c of’ Jupitm was assembled ft om these strips.

——,—- --- -- ,- -., -- ------ .,, -—...—. —-. -— —..— - . . . . .-.. .-—
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Voyagers 1 and 2 wwe launched o]] their tours of the outer planets in
1977, The Voyagct  missim}s were designed to study the planetary
systems in greater detail than  the l)kncers  had done. The Voyager
spacecraft were ]] ~orc sophisticfited  and more. automated than the Pioneers.
Alsc), these spacccr  aft were not spit]ners  but wctc “three-axis stabilized.”
Voyager was ab]c to lnain~ain  a fixed orientation], or attitude, in space.
The spacecraft p) ovideci  accl]ratc ald steady pointing for its instruments.
]Iowever,  the instruments could not continuously sample different

.

directions. Voyaget  carried ten instmmcnts, includins  television-like
cameras, spectmn)cters$  pariiclc  detectors, and a magnetometer.

The latest visitor to .lupiter, Ulysses, was launched in 1990 and arrived in
early 1992. lllysscs’  ]nimc ~nission  was to study the poles of the Sun.
The spacecraft used Jupiter’s gravity to swing upward out of the ecliptic
plane so it could e.xwninc tl)c polar ] egions  of lhc Sun. The spinner
spacecraft carried t~inc  itlstmrnents  (no camera-like devices) designed to
study the Sun, the solar wimi, and interstellar space. q’hcse  instruments
supplied data ahoul  .lupitcr’s  rnag,[~etc~slltlere..

——— -.. .- . . . . . . . . . . . . . . ., .. —.., — —. .. ----  . . . . . . . . . . . ._. -_

HOWV U’c Compare Characteristic Enrth Jupiter
—.—.—. .- . . . . ,. ------ - ---- . . . . . .— .- —. .-—. .—. .—. . —.-——e

Equatorial I)ianwtc]  (k!n) 12,756 142,984

Mean Relative lknsity  (glcnl~) 5.s2 1.33

Mean Distance F]onl SLUI  (kin) 149,600,000 778,400,000

Orbital Rotation 365.2S days 12 Earth  years

Rotational Period 2311, 56 mirl 9 h, 55 min

Atmosphere 78% nitrogen 81% hydrogen

21 % Oxygcl  1 18?2. helium
—.— —---- - - . ----------- .—. .— —. . . . . . ..— . . . .-—  —

The Atmosphere Based on the data obtained ff mn the l’ioneer  and \~oyagel  missions,
Jupiter’s atmosphere consists of about 81 percent hydrogen and 18 percent
helium. If Jupite~  had been between fifty and a hundred  times more
massive, it might have evolved into a star rather than a planet, Our solar
system could have bceru a binary star systcm. Besides hydrogen and
helium, small an]outlts  ofmethanc,  alnmonia,  phosphorus, water vapor,
and various hyd] ocarbons  WCI c founci in .Iupitcr’s  atmosphere.

Jupiter’s ,atmosphel  c dis~)lays altcrnat  ing, patterns of dark belts and light
zones. The locations ard sizes of the belts and zoIles change gradually with

.-, -—.——— ..- ,. ----  ..-- .,. .-— . ..— -_ ...___, . . . -------
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. .
time. Within these belts and zones arc clouds and storm systems that have
raged for ycats.  (h]c of tl]cse ~iant storinsj called tile “(ircat  ReCI Spot,”.: has lasted over 300 yeals. ‘l’his spot rotates once counter-clockwise every
6 days. Since it is iii the southcni  IIcniisphcrc  of the planet, this rotational
direction indicates it is a hi{?,h-pressure ~olic (ul]likc }iarth’s cyclones,
which are ]ow-pressure ZOIJCS). The reddish color is a puzzle to scientists,
but several chcnjicalsj  i~lcluding  p]iosphorus,  have been proposed. In fact,
the colors and rnecliat)isms driving the appcara]lcc  of the entire
atmosphe~e  arc Iiot well undcrstooci,  ‘] ’hesc mysteries cannot by solved be
taking pictures. 1 limct ~ncasurcmcllts  frmn within  the atmosphere are
necessary- rncasmcmrllts like those ii]adc by tllc Galileo probe.

Jupiter is swept by about a dozcJ] prevailing wincis,  reaching 150 meters
pcr second (335 lnilcs  pcr hour) at the equator. on E,arth, winds are
driven by the large difference in te]i)pcrature, more than 40 degrees
Celsius (about 100 degrees 1 ‘ahrcnhcit),  bctwecrl  the poles and the
equator. But, Ju])itcr’s pole and equator share tl]e same temperature,
-130 degrees (;elsiws (about --200 ciegmes Fahtcnheit), at least near the
cloud tops. 3’his is anot]m  Jnystery  being  a(idrcssed by ~Ja]j]CC)  (see Probe
Science Results).

Jupiter’s
Great Red Spot

—.-,.-—. —— -- -- -------------- . . . . . . ----- . . ______
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The Interior
.

Jupiter’s core is estimated to be about onc-and-a-halftimes  Earth’s
diameter, yet tc]l to thi] ty tillles mm e massive. “J’hc.core’s temperature is., estimated to be 30,000 deg,rccs  Celsius (about 55,000 degrees Fahrenheit).
This high tcmperatu[  e is the result of a pressure of as much as a hundred
million atmosphews. ((hlc atmosp]lcre is equal to the air pressure at sea
level on Barth.)

Surrounding this cm c is a 40,000-k  ilolncter  (25,000-mile) deep sea of
liquid metallic hydlogen.  ll~]knowll on kiarth, liquid metallic hydrogen
forms under the cxtl e~ne pressures Illat exist ml Jupiter. At this depth, the
pressure is mole that] three J~]illion  atmosphw.x.  11 ydrogen  molecules are
so tightly packed that they break up and become electrically conductive.
Scientists believe it is t]lis clcctrica]ly  Conductive liquid that causes
Jupiter’s intense magnetic frc-ld.

Next there is a 2 1,000-kilonmte~ ( 13,000-niile)  tl]ick  layer of hydrogen
and helium. ‘1’his layer gradually chang,cs from licplid to gas as the
pressure falls hito t}le range of ttvis of atmosphcacs.

Finally, a 150-kilolmma ( 1 (lo-mile) thick cloud cover, the atmosphere,
tops the planet.

Jupiter—Front
Core to CYoud  Top

. . ..—.—— —_ .- . . . . ..-. ___
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The Ring
.

Onc of t}~c surprisili~  ciisco~crics  nlacic by Voyager was the detection
of an cxtmmcly  fairlt  ring al ouncl Jupiter. The sc.ic!ltists  who designed

. . . Voyager’s observations decided  to take pictures of”thc  area where
they thought a ril]y, mip,ht bc. The lighting, was just right for them to
capture the ring ]tMcic up most]y of (iark, dust-sized particles, The ring,
consisting of three bands, cxtencis  fl om t}lc upi-wr atmosphere out to about
53,oOO kilometers (33,000 miles) almve  the cloud tops. The brightest band
IS at the outer cd(:c and is 800 kilometers (500 miics) wide.

me One of the by-pl”ociucts of .lupitcv’s  ocean of ]iqui(i  metallic hydrogen is a
Magnetosphere magnetic flclci stron[xer  thalt  that of any other pianct.  Jupiter’s magnetic

field has the oppclsite sense of Earth’s.  A compass would point south
rather than north. ‘1’im x e~im~ of space dominated by a planet’s magnetic
field is called a “lt~agt~et(~s~~}~ere.” Jupiter’s mag,lmtosphere  is molded by
the solar wind (thr slrcan~  of chat ge(i particles “l)lown” out from the Sun)
into a teardrop sha]w- --its pmnt (iirec-tt.xi  away fI-o)n the Sun. If Jupiter’s
magnetosphere WC-IQ visihlc  from h-irth,  it WCWICI be several times larger
than the full h~oon ill the nig,)lt sky.

The magnetospher~  is dotnillated  by the planet’s tmvironment,  its
magnetic field, anti [i swarm of e)lerg.etic  particles ami gases. The low-
cnergy  ions, prc)tons,  and clcctrcms arc called “plasma.” The boundary
between the magnetosphere and the solar wind is tllc “magnetopause.”  A
bowshock is formed in the solar wind upstream florn the magnetopause.
In the direction away from tlw Sun, the magnetosphere is drawn out in a
long “rnagnctotail”  by the drag, ofthc solar wimi.

Jovian
Magnetosphere
and Solar Wind
IPt teraction

.- —.——--- - - .- ..-,- - - ------ .-—. -.— -—. .— ------  . . . .-. __
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Distributed throup.hot]t  the l~~agtletospllere  is a low-cnc] gy plasma, largely
ccmccntratcxi  witllill a fcw Illanclary radii of the cqt],atorial  plane. The
plasma forms a sllect tl~~oup,h  whic]t conccntratccl  electric currents flow
(see the. fif~ure  below).

The Pioneers and Voyag,ers observed a giant doughnut-shaped collection
of c}larged  particles surrounding  Ju~~itcr at abou[ the distance of the orbit
of lo. ‘l’his is kl][nw] as ‘7}1c  10 plasma torus.” It results from materla]
escaping flon) lo’s atmosphere or surface and tlm] being caught up in
Jupiter’s magnetic flclci,

At Jupiter, the p)asma wit}lili  the mfignctosphcre  tcricls to rotate along with
its rotating masnctic f[eld . If it rotates at the. salne speed, it is referred to
as “rigid corotatiml.  ” Processes within the ma~netosphere cause the
plasma to rotate at less tha]] I igid coronation speeds in some regions.

The Plasma Sheet,
10’s  Torus, aud the
Magnetic Field  I.ittcs

. . ..—.— .—-----  . . . . . . . . . . . . . . . . . . . . . ----------  . . . . . . .
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The Satellites Thirteen of Jupitcl’s 16 known moons were discovered from Earth. The
other three we] c first srcn by Voya[!er.  The foul largest moons-lo,

.,
Eurc}pa,  Ganymedc, and Callisto  ---were observed in 1610 by Galileo
Galilei of Italy. 1 IC useci a ncw]y i~lventecl  clcvicc  called a “telescope.”
These foul mocms are csficn  I cfe.rred to collectively as “the Galilean
satellites.” TI’hat do we already know of these I)mcms? They range in size
from slightly SJ]M]ICI than our MooII to s]i@tly  larger  than Mercury. The
top figure  the shov’s the cdcr of t})c satellites’ proximities to Jupiter
(moon  sizes arc not to scale), and the bclttoln  figure shows the comparison
of their sizes to orlc anotllcl.

I>i.vtonccs  l;rotn
Jupiter

● ● * ●

Jupiter 10 Et.trc,pa Ganyrnedc CaHisto

778.3 x 10$ [from Sun) 421,600 670,900 1,070,000 - Mean distance (km) - 1,s80,000
71,398 (equatorial) 1,81535 1,5649 i 10 2,631 f10 Radius  (km)  - 2,400 f10

1.9 x 1W7 8.92 x 102? 4.87 X 10Z? 1.490 x 1(W - k%S (kg) - 1.075 x 10Z3
1.314 3.55 3.04 1.93 - Bulk density (g/cm~)  - 1.83

—-.. -—. —— ----  .- .- . . . . . - . . . . .- —.. .— -—...-—. . . ..— . . . ———

Relative Size

“

—- —.——--- .-  “ .  .  .  .  .  .  .  .  .  .  .  .  .  .  . - — .  .,—  . — .  _ _ _ _ _ _ _ _ _ _ _ _ _ _
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10 10, the Galilcau  satellite nearest Ju~~itcr,  has bccl~  described as looking like”
a giant pizza (due to Its bri~ht  mctdish-orange and yhitc markings) or the

. . closest place  to hc]l in the solal systeln, Vole.alio& spew plumes of gas
and solid particles }mndreds of kilmneters above the surface. A collection
of these particles, tlaprmd by the magnetic form from Jupiter, orbit the
planet in the shaJw of a hug,c doughnut known as the “lo Plasma Torus.”
Flows of sulfur lava radiate from tl)c volcanoes. Approximately one third
of the surficc  is cove,rc(i with bright wllitc sulfllric snow. It may be that
the intense volcanic  activity on 10 ] csults  from flcquent great tides caused
by the gravitationfi]  illfl~mm  of Ju])itc~. (ialilco  found that 10 has a large,
dense iron core, taking up half its dlamcter (see Arrival at J~lpitm-  section).

Volcanoes Galore!

Europa

Cracks in the Ice?

lflo is a pizza, thci)  l;wopa,  the next satellite out from Jupiter, is a
cracked hard-boiled e~g,. It has a bright white surface, crisscrossed with
dark fissures. It has ncitl]cr  ]nountains  nor valleys, craters nm volcanoes,
Recent obscrvaticms  fron~ Uarth indicate the moon may have a thin
atmosphere of oxygc~l and sodium. Sol[le scientists think that a giant
ocean may lie bcrmall~  a laycl of ice that has criickcd  and refrozen at
temperatures of about --146 degrees Celsius  or -230 degrees Fahrenheit.
If so, it would bc thr only place wc know of in OUI solar system besides
Ilarth with a sig,llificant supply of liquid water. Still- --too cold for a swim!

. . ..—.—
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Ganymcdc The third Galilcan  satellite, Ganym~de,  is the IarScst  moon in the solar
system. It has z l’s] icty of p,cologica]  format iol]s, illc]uding  craters and

. .
basins, grooves, a]id rough lmm~]tail~ous  a~cas. Ab&lt half the surface is
covcrcd  with watci ice and }Ialf with dark rock. “1’hesc  heavily cratered
dark regions arc thought tc) be ancient.  The ncwc~,  lighter regions give
evidence of tccto~lic  activity that lnay have brokcll  up the icy crust. A thin
layer of omnc  has becl) (ietcctcd  SUI rounding (ial]ymedc.

Callisto The last anti leas! active  of the Galilean  satellites is Callisto.  Like
Ganymede, it scc~tw to have a rocky core surrourdcd  by an ocean of ice.
The surface is coved completely with meteoric ilnpact  craters; no
“plains” show. Alt}lcmgh  the exact rate of impacf crater formation is not
known, scientists estimate that it would require se.vcral  billion years to
accumulate the nutrlbcr of craters found on Callisto.  Therefore, the moon
must have been inactive at least that long,, a fine rcco~-d  of the past.

Cluttered V’ith
Craters

.-. ..—.——— . . . . . ---- - ..-. .-— ----- —...—.  _____ ___
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The Minor
.

All the other satellites wc comparatively mine: c)bjccts,  up to
Satellites 170 kilometers (100 miles) across. };ip,ht are it] incljned  orbits far from the

. . planet, ancl  foul alc CIOSC to the p]allet, insiclc lo’s orbit. In ascending
order of meal) distance from .lupite], the 16 moons arc Metis, Andrastea,
Amalthca, Thebc,  10, Furopaj Ganymede, Ca]listo,  1.eda, IIimalia,
Lysithea,  Mara, Anankc, (~arrnc,  }’asiphac, and Sinopc. Online From
Jupiter (see World Wick Wcb in the first scctioli,  About This Guide)
sponsored a c.cnltcst  to c] catc.  a nme.mcmic  to help you remember this loIlg
list. One winner p,avc us ‘(Meteors and asteroids travel in every galaxy
continuously” for tllc first eight  moons. You may want to devise your
own sentence f~on~ the initial letters of the last eight  satellites!

What 1)0 We Studying Jupiter may help us to understand hov’ the solar system, and our

IIope To I,carn? own planet, formed and evolved. I’he flyby missions of the Pioneers,
Voyagers, and 1.JI ysscs p,avc us cluick glimpses of this exciting world.
Now it is time to settle i]] ruld take lon~-term,  clctailcd  nleasuremcnts  of
the system.

The Galileo missiol! was co~nposcd of two elements to do just this. A
probe descended il~to tl~c atlt~osphel  e to sample it directly (see two
sections, l’he (ialileo Probe and Probe Science Results). An orbiter will
spend almost 2 yc.ars studying  the planet, its satcdlitcs, and the vast
magnetosphere up close. (Galileo will orbit Jupiter in the altitude range of
650,000 to 800,000 kilo~nctcrs.  C30sest  approach for earlier missions was
1,200,000 kilometers during the Vc)yager flyby.)

The composition of Jupiter’s atnlos]lhele  may tell us about the original
star stuff from which al I the planets forlned.  There are many unanswered
questions about Jupiter that Galileo will try to answer. What is the current
state of Jupiter’s atlnosphere?  What arc its clouds made of? How do
temperature and pmssurc change with depth? What is the strength of its
winds? What arc the fo]-ces behind its weather patterns? What causes the
lightning that Voyager observed flashing on the night side of the planet?
The Probe mission has already provided some clues. Learning more about
Jupiter’s atmosphc~e  will advance our understanding of the nature of all
planetary atmospheres, including our own.

By studying Jul}itt. v’s satellites we hope to detctmine the effects of initial
conditions, size, tu lcrgy sour ces, meteorite bombardtnent, and tectonic
processes on tllc way pk+nets  evolve. Among the key questions about the
satellites are the f{)llcnving:  How did lo’s volcanoes evolve and what is
their chemical ccm~position?  IIow thick is Uwopa’s ice crust and what lies
beneath it? What causes the appeal  ancc of the terrain on Ganymede?
How do the cratc~s OIL Callisto  compare with cmtcrs on rocky planets?

.—.. ———---- . . ,-, ... --- . . . . . . -— ---- ________
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What arc the interiors of the satellites like? WIMt at c their atmospheres
(if any) like? Do they have magne[ic fields? .

‘,

observations of tt~c n}a~,nctosphcre will help us to understand the complex
interactions between magllc!ic fo~ccs  and mattcl throughout the universe.
There are many qucstiom about  the nlagnctospllerc.  What is the
inter-action betv’mn  IIIC satellites  al]d the magtwtosphcrc? What arc the
origins of the. map,nctotail  wind?

We should always  rcmcmbcr that even though we have many ideas about
what wc anticipak  (.ialilco will accon-q)lisll,  the most exciting results are
often unexpected.

—.— ——- . . . - ,., ---------  ,. —..,--  ._. .._ .._ ._. ., . . ..—— —.

Galileo Science Atmosphere

Objeciivrs ●

.
●

.

●

✎

, Satellites
.
.
.
●

●

Dctcrn,iuc  the chclniml  conlposition
Determine the structure to a depth of at least 1(1 bars
Dctcrnlinc the nature  oi’the cloud particles a],cl lclcation and structure of cloud
layers
Iktmn]inc  the cliffcrel,cc bctwcct]  the anlount  of w]clgy being rcceivcd  from
the Sul) allci the anmullt  of cimr~y coming fro][l ir]sidc Jupiter
Investigate the wincl patlcms
]nvcsligatc  the upper at !nospherc and ior)osJ~he~  c

Charactcriw  the appcattmce,  geology, and physical state of the surfaces
Invest igatc the SUI F~ce n~ineralog y al~d sus face distribution of minerals
Dctcrlnillc  the gravitational and lnagoctic  fielcls  al}d  dynamic properties
Study the atlt]osphmes,  ionosphclcs,  and extcnclcd  gas clouds
Study tl]c it]tcrfictiorls clf the satellites with the nmgimtosphcrc

Magnetosphere
* Characterize the cm-rgy spcctm, conlpositicm,  atlcl distribution ofcnergctic

parliclcs  throug}tout  the rna~netosphcre
● Charactcrim  the dirccliun  anti st] cng,th of I]lagt  Ictic fields throughout the

magnet ospk]  e
● Charac.tcv izc t}]c plasma  errcrgy s]lcctra,  ccmlposition,  and angular distribution

throughout the nmgnctosphe!e. —.——-- ,- -- . . ..-. ---. ---. .. -—---- .—. . .—. ._.. __ . . . .._
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The Galilm  (nbitcr,  built at JPI,, combines feature.s of spinner spacecraft
(the ,Pionecrs all(i lllysscs)  and three-axis stabili@.spacecraft  (the
Voyagers). ‘1’}ic orbite) is all innovative “~iua]-spin” design. Part of the
orbiter (containillp, ttw antennas and smne instr umcnt booms) rotates while
another part (contailiing  a~l instrumcmt ]Jlat fonll)  ] cmains  fixed in inertial
space. This mcan$  thiit  the orbitel is a ~ood plal fcmn for fields and
particles cxperimenls;  they ]) CrfOrJl)  best when ral)id]y gathering data from
many different dil cctions. I’he orbiter is also a g,ood platform for remote
sensing experi]m-nts  that rccluire  ve]y accurate a]d steady pointing.

TIIE
G A L I L E O

At launch, the orbikt  weighed 2.223 kilograms, including 118 kilograms

O R B I T E R
ofscicncc  instlutncllts  and 9;?5 kilo~,ralns ofusablc  rocket propellant. The
overall length frmrl the top of the low-g,ain  antclinti to the bottom of the
probe measured “/ Ir]ctc Js; t}lc  magncto~[  letcr boon] extends 11 meters from
the center c)fthe spacecraft.

LOW.GAIN
ANTENNA

SUN ‘“k

S H I E L D S  ~–””—---—- ; ~~>f  ‘: f,q’\~J.#LA / ‘
PI. ASMA.WAVE
AN IENNA

X2!. . ..-..  -n..  —-t’.\ :\ “.1 A J’ ‘:{ f.IJ ~--- - .  _ _ _ _ _ ._ —_–____I  nwaumc IUMCI  En
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Spacecraft l’hc~ialile{~ortlitcl  ist;(Jl~~I)ose(l  cJft}~e follow' i~~[~, ll~ajor  er)gineeriI~g
Subsystems subsystems and science irlstrurncnts. . . .. .

Power Subsystem Galileo uses two radioisotope thermoelectric gcmmators (RTGs) to supply
electrical power to run the spacecraft’s dcvicm. ‘1 ‘hc radioactive decay of
plutonium produces heat that is convcr-tcd  to clcctl icity. The RJ’Gs
produced about 570 watts at launch, The powa output clecreases  at the
rate of 0.6 watts pc[ month and was 493 watts when Galileo arrived at
Jupiter.

Telc- The problem with tile high-g,ain antenna has made it necessary to
communications communicate with Ilartll -d:~ta down and commands up -–through a

low-gain antenna. IJ]sk-ad Cd 134 kilobits  pc] scxxmd through the
4.8-nleter high-~ai~)  alltcln~a, up to 160 l)its per second will be sent to
Earth from Jupiter.

Command and The Command and 1 Ma Subsyslcm  (CDS) (really the “brain” of Galileo)
Data Subsystem has several functions. I ‘irst, it must can-y out instl uctions  from the ground

to operate the spacccraf( and gather scicncc  data. Second, some portions
of the CDS mcnlory  call  serve as a storage place for science data. Third,
the CDS must packa~c  the (i~ta  f(u tl ansmissio~i to Earth. Finally, the
CDS must be alw t fol and respond to an y prob]en) with any of the
spacecraft subsystml)s,

Commands sent f’loln Earth can be ill the form c)f real-time (do this now)
commands or as ii secpcnce, a set of’ instructions for operating the
spacecraft. Scqmxjces a] e carefully corlstmctecl  (with input from many
scientists and eng,itmrs) and thoroughly tested before being radioed to the
spacecraft. On Gtil ilco, a sequence I lla y control spacecraft operations for a
period of bouts to several months, dcpcllding  upo]) how busy the period is.

in March of 1995, tllc capability to write pxobc data to the CDS memory
was added via an i~lflight loading. of new sc)ftware. Doing so allowed the
CDS to serve as a lit nitcd backup  to the tape remder for storage of the
probe data. As of spring 1996, data compression methods will have been
added to the (;1)S software. “J’hc.se lnethods  will allow retention of the
most interesting and scientifically valuable information, while minimizing
or eliminating, less valuable data (such as t}m dark background of space)
before transmissio~]. Tllc final crucial flmction of the C1)S is fault-
protcction  activtit iml. Fault ~motection algorithn~s make the spacecraft
semiautoncmmus  and iilll~ to act quickly to protect itself. There are
occasions in the lives of most spacecrali when elncrgenc.ies  must be
handled, and there is no timr to wait for answers from the flight team
on Barth.

-... —.——.-. ---- . ---- . . . . . .-— ..,-- —. _____ ___
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Data Memory I)afa are either tjansmittcd to Earth as they arc gathered (called “real-time ‘
Subsystem data”), or they a] e storcxi  aboard fol future play bac~. One place data can

. . . be stored is Galileo’s I )ata Memory Subsystem (1 lh4S), a four-track tape
recorder that holcls 900 mc~abits  of data.

Attitude and The Attitude and Articulation Ccnltlol Subsystc]n  (AACS) is responsible
Articulation for attitude dctennil~ation  (dcterlnillin~,  the cn-icl]tation  of the spacecraft in
Control inertial space), at (i tudc pro]mgation  (keeping track of the spacecraft
Subsystem orientation betwccl~  attitude dcttmninations),  ami attitude control

(changing the orimitatiol~,  s~)in late, or wobble of the. spacecraft).
Software in the AA(X computel  cal ries out the calculations necessary to
do these functions. In the spring of 1996, the software will have been
updated to include the ability to corilpress  ima~,in~  ancl  plasma wave data
down to as lit[lc as 1 /80tl~  of their o] iginal  voluJne.

Propulsion TIJC Propulsion Subsystem consists of the 400-newton main engine and
Subsystem twelve 10-ncwto]l  thrusters together with propc.llant,  stolagc and

pressurizing ta~lks,  and associated plumbin~.  The fuel for the system is
monometh y] Ii y(h twine, which is bul ned using nitr oge.n tetroxide.  The
Propulsion Subsystem was c{cveloped  and built by I)aimlcr  Benz
Aerospace AC; (DASA,) (forll~erly  Messcrschmitt  1301kow-Blohm)  and
provided by Gcrnlany,  a lonp,-term partner in Project Galileo.

The newton (N) is a unit of fbrcc used to measure, among other things, the
thrust level of rockcl engines. A thmst of 10 N would support a weight of
about 1 ki]ogran] (c)r 2.2 pounds)  at the I;arth’s surface.

Scientific There are 12 scientific experiments aboard the Galileo orbiter. The
Investigations despun  section is home to fbur remote-sensing itlstrmnents.  These are

mounted on a movab]c  scan platform with their optical  axes aligned  so
that they v]cw  a neat’]y conmm ma. ‘1’he spuJl section contains six
instruments that investigate particles  and mague.tic fields. The remaining
two investigations usc the rwiio systtvn ofthc orbiter.

-.. —.——-- .- -- ..- .,--- ..---. .,. .— ---- -—. .— —.-. . . ..__
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Renlote-Sensing For Jupiter and its moons,  tlic remote sensing il)strumcnts  will be
Instruments acquiring data that may reveal the IIistoly of the Joyian  system and its

.: present composiliwi and ploccsses. The figure shows the wavelength
ranges of the c]ecllonui~nctic  spcctr um that these instruments wil] monitor
during both cnco~]nlcrs  and cruise ~)criods.
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Solid-State The scientific objectives of the solid-state imaginx  (SS1) camera
lrnaging Chmero investigations have a uictc scope: a study ofsatcl]ite  sciences, a study of

the .lovian atmosphere, chaTactcl  ization  of Jovian and satellite  auroral
“ .+ ~

w

phenomena, rilid an assessment of tllc rings of .lupiter. l:or the Galilean
‘,- -

.,~”’ , satellites 10, Ihropa, Gaj)yll~cdc,  and (;allisto, the imaging investigators
1’; hope  to map a lal:,c por tirm of each sut face to a ~esolution  of 1 kilometers.-

. . . a—- or better. in a few areas, fcfiturcs slnallcr  t}lan  1 (N meters will be
distinguished. in addition, variatiol)s  in color and albcdo  (reflectivity) will
be mapped at a scale of about  2 kilometers. Scientists will look for
changes on the surfimes ove~ time. It is also plalIJwd  to measure the shape
and the location of the spin axis c)f each Galilean  satellite.

The other smallcl satellites vtri]l be sluciicd  throughout the orbital tour.
Studies will also bc made of lupiter’s ri~]gs.  SInnll, new satellites maybe
found in or near t}w rill~s.

The SS1 will bc USMI to ctctmminc  stI ucturc,  motions, anrt radiative
properties of the at~nospbcrc of Jupiter. It will n]casure  wind profiles by
tracking how fast clouds  move at va! ious a]titudcs. Radiative properties of
the atmosphere, which arc. important fol understanding energy
managerne~lt,  will bc determined by measuring tile scattering of light from
specific features al various wave] cn[:ths ancl at various angles of
ilhuninatiol].  Obscm’atiorls ofauroral  pherromella  will be correlated with
fields and particles nmasurellients  done with cM]cr instruments.

The SS1 is an 800- by $X)()-pixel  solic]-state camera consisting of an array
of silicon sensors called  a “charge-coup]cd dcvicc”  (CCD). The optical
portion of the c.atno  a is built as a Cassegrain  (reflecting) telescope. Light
is collected by the primary mir-rox an(i dilectcd to a sma]ler secondary
mirror that channels it through a hole in the ccntcr c~fthe  primary mirror
and onto the (XX]. I“hc C(U1 sensor is sllieldcd flom radiation, a
particular problem within the radiation-harsh Jovian magnetosphere. The
shielding is accomplished by means  of a 1-centimeter-thick layer of
tantalum that surrounds the CCD cxccpt, of course, where the light enters
the system.

An ei~ht-position  flltcr wheel is used to ohtairl images  of scenes through
different filters. “1’hr ilnag,es nlay thc~l bc combinmt electronically on
Earth to produce color inlrrgcs.

The spectral respoltsc  of the SS1 ranges from about  0.4 to 1.1 micrometers.
(A micrometer is one mi]liont}l  of a nletel.) Visible light has a wavelength
covering the band of’ 0.4100.7 microlneters.,.

The SS1 weighs 29.7 -kilogralns  and consurncs,  on average, 15 watts
of power.

,—. -- —. —— ---- - - ... -,, ---  ” - - - - - ,  . -  — - - - - -  - — .  . .  — . . .  - — - . .  .  .  .—— —
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Near-lnframi The near--inft arcd tl~apping,  spectro]netcr  (Nlh4 S) is a pioneering
Mapping instrument for rcmc)tc-sensing cicviccs  for planetary spacecraft. It
Spcctromeicr combines spectroscopy and imaging in onc instrument. The coldest part

FLU

of the spacecraft is the NIMS mcliator at S5 kclvill!

&

NIMS has two nlajor objectives, The frost objective is to look at the
surfaces of the satellites of .lupitcr  to sec what tl)cy ’re made of. The

t’ second objective is to study the atmosphere of .luJ)itcr to determine such. .
things as the characteristics of the .lovian cloud layers, the variations over
time and space of tl]e constituents of the atmosphere, and the temperature
versus altitude ]Noftlc.

For the satellites, the gcolog,ical structures will be mapped to determine
their mineral disti ibutio]ks. ]<esc)lutions  c)f 25 kilometers per NIMS pixel
or better  are plammcl  for the Galilcan  satellites l;uropa, Ganymedc, and
Callisto.  N1h4S will Inakc distant obscrvat  ions of Jupiter’s volcanic
moon 10, at resolutions of 120 to 6(10 ion, to dctcl  mine the moon’s
surfiice  composition and to lr]easurc  teltlperatul  cs of the hot spots. NIMS
will monitor lo’s volcanic activity ill every Galileo orbit. In addition,
spectral analyses will bc done for some of the s~nallc.r  satellites and the
planet’s ring.

Since NJMS ~ncasutes infrilcd  radiation from the atInosphere of Jupiter,
it will contribuw to coolposi!ional  st udics,  the IIatm-e of clouds, motions,
and energy balancw. N1A4S will be able to monitor ammonia, water
vapor, phosphine,  ] ucthanc,  find gemnane  and to look for previously
undetected molecules. Phosphine,  which  is formed in the deep interior
(more than 1000 kilometers deep below the clouds at temperatures near
1000 kelvin) and is ]-apidly dcstt eyed at observab]c  altitudes, is a tracer of
huge  upwe]lings  of gas fron) deep insidt  the planet. Nlh4S will map the
abundance of phosl)hinc  ovtn a wide range of lat it udes and longitudes.
The goal is to undc.rstand the major cleep-seated calculation patterns that
power the “near- surface” mc.lcorolojy  (planet-~,iTdling cloudy  zones, drier
belts, and localized cyclontc  storm systems such as the Great Red Spot).

The NIR4S instr mtm~)t is sensitive. from 0.7 to 5.2 micrometers,
overlappin~  the wave.lcl  Ig,th  I angc of SS1. The tcl cscopc  associated with
NIMS is all reflective (uses n]irrox-s  anti no lenses) with an aperture of
229 millimeters. “1’hc spectrometer of NIMS uscs a grating to disperse the
light collected by tllc telescope. This method  is often used by instrument
makers rather tlml usc clf the familiar prism. The dispersed spectrum of
light is focused on detectors of indiuJn antimoniclc  and silicon.

The NIMS wcig})s 18 kilogi  tires and usm 12 watts of power on average.
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The photo] ~olalil~~cter/ra{~ioll~ctcr  (1’PR) will he used to measure the
intensity and pc)lari~.atioll  of sunlig]lt,  in the visible.portion of the
spectrum, that is rcflcctcd  from- -scattcrcd  ftonl- the Jcwian satellites and
Jupiter. T}~c I’I’R is ill ll~any rcspecls  three instrutnents  combined into
one: a polarimctel, a photometer, arlci a radiomctcl.

The polarimcter detects tln cc spcct] al bands. l’olariz.ation  is an important
property of li@l (a fact known to the wearers of some types of sunglasses)
and can reveal information  abou[ the nature of t)w object from which the
light comes.

The photolneter  uses seven IIarrow spectral balds in tl~c visible and near-
infrared wavelcJ]g,ths,  ‘] ’he bands in which to make t}~csc measurements
have been carcfu]ly  selcctecl  For example, locations are covered where
methane and alllmo~lia  siro]l[:ly absorb  light.

The PPR has scvc]i  radiometry bands. (hw of t}lcse  uscs no filters and
observes all the radiation, both solar anti thermal. Anc)thcr band lets only
solar radiatio]l ttu ou~h. ‘J’hc diffc] el]cc  between the solar-plus-thermal
and the solar-only chatmcls  fives  thr total thcnnal radiation emitted. The
PPR will also mcaswe  ill five b~oadband  channc.ls that span the spectral
range from 17 to 110 micmll Ieters.  “l-hc ra(iiomelcr  provides data on the
temperatures of tl~c .lovian satellites and Jupiter’s atmosphere.

The design of t}~c instrument is based on that of an instrument flown on
the Pioneel Venus spacccrtift.  A 10 centimcte~-apertt.rrc  reflecting
telescope COIICCIS  lipllt, clirects  it to a series of filters,  and, from there,
measurements alc lmrformcd by the detcctcu-s of tllc PPR.

The PPR weighs 5.0 kilo~ran~s ancl consumes about 5 watts of power.

The Galileo ultraviokn  spcctf omctel  investigation consists of two
instruments: t}~c uhrtiviolet  spectronletcr  (lJVS) atld the extreme
ultraviolet spectrmnctcr  (EXJV). ~“hc LJVS works on the short wavelength
side of the visible hand, opel sting flom 113 to 432 nanometers. The INJV
is a modified fli@l spale of Ihc Voyager ultraviolet spectrometer and
covers the range of 54 to 128 nanonleters.

‘l’he UVS/llJV will study properties of.h.rpitcr’s atmosphere and aurora,
the surfaces and at~rmspheres of the Galilcan  satellites, and the doughnut-
shaped cloud of iol~iz,ed plas~na  in lo’s orbit. Absorption and reflectance
spectra from the atl~~osphcrcs  of Jupiter anct its satellites, characteristic
of certain atoli~s  and Jrmlcculcs,  will be combined with the study of
airglow emissions (eInissio~ls  that occur because of sunlight and electron
impacts).

—-.. .—. ——, —..- ,. -. . . ----  . . . . . . . . .-_._ ~-.

Nlc Cialileo  Orbiter ● Page 31



—.. —.———.- .- - . . . . . . . . . . ..- . ..-—-—.—  —.. .-—. . . . . . . . . .——

“ .

The reflective properties of satellite surfaces ill the ultraviolet allow
scientists to (ictcn~~ilic  the com~)c)sition anti physica,l state of the materials

. . that comprise the surface. (hie can look for ice a])ci  frost or dcducc the
sizes of grains.

Volcanic eruptions on 10 arc believed to bc the source of a large doughnut-
shaped cloud of clcct~ons and ionimd sulfur allci  oxygen ions that
encircles Jupiter aiong the mbital  path of 10. (’l ‘})c mathematical name for
a doughnut s}lapr  is “lorus” so this cloud is called the “lo torus.”)

Temperatures of the sulfur and oxypen  ions in this plasma torus can be
more than 10 tilncs  the temperatures at the surface of the Sun. These
ultraviolet obscrvatiolis  will help provictc a picture of Io’s evolution and
its relationship with J~qlitcr’s  magnetic field.

The Casscgrain  tclescopc  of the lJVS lMS a 25(hniillin~eter  aperture and
collects light from tlm c)bscl ~ration  target. IIoth the lJVS and 13UV
instruments usc a r Ulcd grati])g to disperse this li~llt  for spectral analysis.
This light then passes tlit oup,h arl exit slit ir]to ~)llotol~l~lltiplier  tubes that
produce pulses 0] “sp~ays” of clcctr(ms. These electron pulses are
counted, and t}wsc  cour)t  nuit~bcrs  ale the data that are sent to Earth.

The UVS is nmwltcd  o]) the scan platfoml and call be pointed to an object
in inertial space. ‘1’he 13~JV is mounted on the spun section of the
spacecraft. As Galilecl  s]lil~s,  the 1:1 IV observes a narrow ribbon of space
perpendicular to tl)c spin axis.

The two instrmoc]]ts combil)cd weip,h about  9.7 kilograms and use
5.9 watts of powel.

Fields and As a set, the fields and ])articles  instl umcnts  arc clcsigned to
Particles numerous phcnorrm la withil 1 the magnetosphere of Jupiter.

Instruments

study

Plasma (as in the 10 torus)  is a very important i~lp,t  edient  of the
magnetosphere. ‘1’he sources of the I}lasma are being investigated, Which
particles come fjonj  the ionosphere of Jupiter, w}lich from the solar wind,
and which from tl~e satellites?

The plasma intcractior~s  wit]] the satrllitcs and parlicular]y the parameters
of the 10 torus are of ilttcl MI. The Jovian radiation belts and other
structures of the n~tig,rietosp}~cre  will also be uncicr scrutiny. Also, it is
possible that a plasma vital will be foul~cl  to flow out from Jupiter at the
magnetofail.
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A basic set ofl~~c:~stlrel~~el~ts  fol fields and parliclm scicncc  is the
detm-minatiol) of tlic stl cn~th and direction of tl~e n;agnetic  field within the
rnagnetosphcrc.

Themagnetonmtc]  (hfA(i)  uses twosets ofthre.csensom.  Thethrec
sensors allow tl]c tl]~ec ortlmgo~la]  colnponents  of the magnetic field
section to bc measured, (h)c set is located at the clid of the magnetometer
boom and, in this position, is about 11 meters fi oln the spin axis of the
spacecraft. ‘1’lic second set, designed to detect sttonger fields, is
6.7 meters fron] t}~c spin axis, ‘1 ‘he boom is usccl  to remove the MAG from
the immediate vicinity  c~ftllc  spacecraft to miilimi~.c  magnetic effects from
the spacecraft. }Iowcvcr, not all thmc effects can be eliminated by
distancing the insfmnmrh. ‘1’he rotation of the s~~acecraft  is used to
separate natural maguetic  flc]ds flom el~~iliccrill{~,-ir~duced  fields.

Another source of ]ml.ential mro~ ill mcasulcmcnt comes from bending and
twisting ofthc long, llla~nclonmter  booln. To account for these motions, a
calibration coil is nmultecl  I igidly on the spacecraft and puts out a
reference magiletic  f]c]d during calibrations.

The strength of a magnetic field is lneasured  in units of “tesla.” I’he
magnetic ileld at the surface of the IIarth has a strength of about
50,000 nq’. (~’he letter “n” stands fbr the pIcfix  “Ilalio,” which indicates
one thousand millionths of a tesla, or, it) scientific rwtation,  10-9 tesla.)
At Jupiter, the o~ltboar(i  {11 -Inetcr) set of sensors can measure magnetic
Iielcl  strengths in the ranp,c from 332 to*512 117’ while the inboard
(6.7 -mctel) set is active in 11(c range from:i512to316,384 nT. The
calibration coil p] twidcs  a I cfcrcncc  field at the outbound magnetometer of
*3 IIT.

The MAG experitl~cnt wei~hs  7 kilograms and uses 3,9 watts of power.

As remarked before, plasm~ consists of elcctricall  y charged particles—
ions, which carry H positive charge, and electrons, which carry a negative
charge. Usually, the nn]nbc~ of ions in a plasma equals  the number of
electrons, so the J~lasma as a whole is electrically neutral, but ions and
electrons travel differe]~t  paths within tile magklctosphere.  The plasma
instrument (1’1 ,S) measures Ihe energies and directions of approach of ions
and electrons co]nprisi]]p,  tlw plasma. I’LS also uses a mass spectrometer
to identify the composition of the ions.

information from 1’1$ helps dctcrnline  the, temperature of the plasma and
the manner in which the palticles ale distribukd  in space. This
information in turl] helps scientists understand pa]li~le  dynamics in the
magnetos]  ~herc,  f(n examp]c, where pa]ticles arc being lost and where
particles arc bcinp clm]~ized.

-... —.——--- .- . . -,. - . . . . . . . . . . . . . . . .
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The PI.S uses seven fields ofvicw to collect chmgccl particles for energy
and mass analysis. ‘fhc+w fields of view cove]  ]nost angles from O to
180 dcgmcs,  fan]lil]{:  out flom the spin axis. ‘1’hc rotation of the spacecraft
carries each f]cld of ~’icw throu@ a full circle. “1’he PI.S will measure
particles in the mm p,y ranp,c  from 9 volts 1052 kilovolts.

3’lIc PLS weighs 13.2 kilop,iams  an(i uscs an avclagc of 10.7 watts of
power.

The energetic pal licles (ictcctor  (1;1’11) is dcsiglltxl to measure the numbers
and energies of io~]s  and elcctrol~s  whos’e.  c.ne.rg,iw excecci  about 20 kcV.
(An electron volt, cV, is the unit clf energy  c.qual to the energy that an
electron acquilcs in fallin~ through an electrical potential of 1 volt.) The
J3PD can also lncasurc tile dircctio!l of travel of such particles and, in the
case of ions, cm cictmninc theit colnposition  (w}lether the ion is oxygen
or sulfur, for exalr~p]c).

The H’D uses silicon solid-state detectors and a time-of-flight detector
system to mcaslu c c.halq?,cs in the energetic par’ ticlc population at Jupiter
as a function of position atd time. l“hesc ~ncasurcme.nts will tell us how
the particles @ their elicrgy ancl how they arc t~ansported  through
Jupiter’s magnetosphmc.

The W’]] weighs 10.5 kilogl~ms  an(i uses 10.1 watts of power on average.

Particles ofp]asnla  are boutld to tllc magnetic f]cld, Motions within the
plasma can perturb the surrounding magnetic and electric fields. Changes
with time of the electric and magnetic fie,lds  within plasma are called
“plasma waves.” I’lic:rc arc a great ll~arly  different sorts of waves that
affect a plasma O] ale excited by a p]asn)a.  So]nc of these waves can
cause particles to be lost from the magnetosphere. The Plasma Wave
Subsystem (PWS) is designed to measure the properties of varying electric
fields  over the fkquency  ratige  flonl  S hc~/.  to S.~) megahertz and of
varying magnetic iic.lds ftolll 5 hcIt/  to 160 kilolicrtz--- and to identify the
plasma waves p]eswit.

An electric dipole  al}tenna  (a simple antenna of the form that one often
sees to improve ra(iio reception on larth) will study the electric fields of
plasmas, while two search coil mag~letic  antennas will study the magnetic
fields. The. electric dipole  alitenna  is mounted at the tip of the
magnetometer bomrl. ‘l’he scm-ch coil magtletic  antennas are mounted on
the high-gain antenna feed. Nearly simultaneous lncasmements  of the
electric and magnetic ficid s]~ectl-um will allow cle.ctl  ostatic  waves to be
distinguished fro~r] clcctlonlagnetic  waves.

The PWS weighs 7.1 kilogratns and uses an averap,e.  of 9.8 watts.

.—.—.— -
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“]) List” is a tCIJll IISCC] by .aslr’~no~ncrs  to dcscrihe  SJWJ]] ~HJhlS Of Jllatter
found not only ill planctaly systems b~lt also i]} intc@cllar  space, often
mixed in with inlclste]]fir  c]ouds of gas. IMst can bc a natural part of the
magnetosphcl-c,  o] it cal  I coInc fro]n Jupiter, tlic satellites, or even from
external forces lik c Conict  Shoemiakep-  Levy 9.

The Dust lletecto~  Subsystem (111 )S) v’ill be used to measure the mass,
electric charge, and velocity of incoming particles. The masses of dust
particles that the III )S can detect go from 1 (1- ‘f to 10’7 grams. The speed
of these small pall iclcs can he Ineasurcd  over the rallgc of 1 to 70 kilo--
meters per seconfi. The instrument can mcasulc impact rates from
1 particle per 115 days to 100 particles per second. These particles will
help determine dust origin  arid clynamics within the magnetosphere.

The DI)S weighs 4.2 kilograms and uses an average of 5.4 watts of power.

The heavy ion coumcJ  (] 11(:) experiinent  was orip,inal]y included on the
payload as an en~inccring  expel  imellt. It was to nicasure and monitor
very high-energy heavy ions (such as the nuclei of oxygcJ)  atoms) hitting
the spacecraft.

These measurenlcnts would then provide basic irlforrnation  on a form of
radiation that can cause random charlgcs  in a spru.craft’s  electronics and
per}~aps  provide the basis fol the design of bcttc] Iadiation  resistant
electronics fol futut-e rnissio]ls. ]Iowever, scientists soon realized that the
}IIC data were usefhl  10 the]]) as well.  l;cm example, the heavy ions
observed by the I llC durinx  solar flares have been analyzed to determine
the compositio~l oftlw  Sun.

The HIC is really a rcpacka~cd  and updated velsicm of some parts of the
flight spare of the Voyager (~cmmic  Ray System, “J’hc IIJC detects heavy
ions using stacks of siu~,lc-mystal silicon wafers. ‘1’hc HIC can measure
heavy ions with energies as low as 6 McV and as high as 200 MeV per
nucleon (that would be 3200 MeV for sulfur’s charge of 16). This range
includes all atmoic substances bctwccn  carbon and nickel.

The HIC and the I;IJV share a communications link and, therefore, must
share observing ti]nc.

The IIIC wciglls 8 kiloglwns.
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Radio Scicncc Them arc two scim~tific  cxpcrilnents  that usc (+alileo’s  radio
telccollll)lllnicatiolls  systcn] “Radio scicncc”  has b;cn  used for several.,
decades withil] tl]c space science community to denote experiments
conducted in this lrla~lllm.  ‘1’he two cat cgories  of radio science that will be
done at Jupitc~ are celestial mccha]lics  ands adio propagation.

Celestial The celestial mcclianics  experiments usc the radio  system to sense small
Mechanics changes in t}lc trajcctoly of the spacecraft. “l-he spacecraft’s radio

transnlittcl sends a si~[lfil  at a well-known stable frequency. Any change
in speed that the spaccclaf[  cxpm-icllces  will cause the flequency of the
radio signal rcccivcxi  OJ1 Iiarlh to change. The a]nount  of change is
dependent on the cha~l~.c in speed of t}~c  spacecraft, relative to Earth.
When the spacecraft passes close  to .lupiter or m~e of the Galilean
satellites, that hc)dy pu]ls OJI the spacecraft, causitlg  its speed to change.
The amount of change ill speed depends on] y upon the mass of the body
and the distance of the spacecraft from that body. Thus, by measuring the
change in frec]uctq  of ttle } arth-received radio signal, the mass of Jupiter
or one ofthc Galilcan  satellites can be estimated.

The results should allow us to make a better selection of models for the
interior of the satcllitm.  This is possible because Galileo will approach
the satellites much C1OSCI than did ally earlier spacecraft, so that
gravitational effects will be stronger and easier to observe. Arrival Day
data have already confnlned that 10 }ias a giant iron core. (See the Arrival
at Jupiter scctioll fm lnc~rc of the latest science I]CW’S on lo.)

Radio The spacecraft radio signal will be usecl  to investigate Jupiter’s neutral

Propagation atmosphere and ionosphere, 1 o’s ionospllerc,  and to search  for ionospheres
on the other Galilea~l  satellites (Ii.uropa, Ganyme.dc,  and C.al]isto). This is
done during radio cmd{aticm  expcri]nents,  when tltc Galileo orbiter passes
behind the planet  o] satellite as viewed from ];arlh.

The radio signal pl opagatins,  from the spacecraft to E;arth  experiences both
refraction and scattming  in the atmosphere ofthc occu]tillg  body. (The
atmosphere will benct  and slow the raclio signal by the process of
refraction; additionally, the atmosphere will diffuse the electromagnetic
waves of the sig,t  Ial by tllc  process of’ scatter illg.) This causes changes in
the frequency and am]~litude  of the signal reccivcxi  at a DSN tracking
station on E:artb.  Atialysis  of these cllangcs  will yield information about
the atmospheres and ionospheres of the Jcwiall  system.
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Anticipated results inc]ucle ] mofilcs of electron ll~lnlbe.r  density versus
radius in the ionosphere---- wld profiles of rcfractivc,, index,  pressure, and

. . . temperature vwsus radius i(] the neutral attl)o.s]hcrc. of particular
importance will I-w tile n]u]tiplicity  ofli]casure.mcnts  c) fJupitcr’s
ionosphere at a varict,y  of latitudes and magnetic. lol~gitudes.

The 18-nmnth  tour of the .loviarl systenl  inc]udcs  8 occultations of the
spacecraft by Jupiter i~]ld more thatl 1(1 occultatimls  by the four Cialilean
satellites.
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S E C T I O N  5 On Arrival Ilay, the Galileo probe achieved csscldially  all its mission
objectives. ]( ha(i been cicsifine[i  ald bui]t to smnp]p and measure Jupiter’s
atmosphc]  e (se.c l’lobe Sciellcc Results section). The probe, with a mass
of 339 kilogralns,  w’as can icd aboa] d the orhitel  until its release in July
1995 for entry into the .lovi.an  atmosphere cm Ilc.cembcr 7, 1995. The
probe carried a c.o]uple]tlent of six scientific instrumcvlts from which data
were sent to the orbiter for I cla y to 1 ~arth.

I’hc probe di(i not have an e]jginc 01 th~ustcrs so it could not change the

TI1 E path set fol it by the orbiter. The p]obc was spil)-  stabilized, achieved by

GA I.l LI}O spinning the orbitc] up to 10.5 rpm before release. “J’here was no

PROBE communication bcl~’ccl]  orbiter  and probe tiurIl)~  the coast  to Jupiter
because the p]obe ha(i no cal)ability  to Icccive radio signals. And it could
only transmit after atmosphc~  ic cnt ry.

The probe consistml  of tWrO Jllair] par (s, the clccclcration  module and the
descent module. ‘1’l)c  clccelmatiolt  nmdulc  was required for the transition
from the vacuuln  and cold of intc.rplanetary  space to the intense heat and
structural loads to be i]mrred dutillp  a hypcrso~~ic entry into a planetary
atmosphere--–a~d  f~on] a speed of tejts Of kjlOJllCtCJS  per second to a
relatively placid descent by ]maclmtc. The descent  module was the part
that carried the scientific inst} umcnts  and suJ)poriillg engineering
subsystems that collected and transmitted p~icclcss  scientific data to the
orbiter flying overhead

The probe was managed by NASA’s Anms RcseaTch  Center-. IIughes
Space and {~on~ll~tl~~icatio~ls  (ompany  (f(mncr]y  1 lughcs Aircraft
Company) clesigneci  and built the probe, l.ockhcrd  Mallin Hypersonic
Systems (formerly (im)mal NJcctric Re.-llntry Systems Division) built the
probe’s heat shield.

lkwkrdlion  Jl!odulc
Al{ CCIVQI.
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Deceleration At entry, the pmbc’s exteric)r  resembled a blunt cone with a base
Module 1.3 meters in diall]cter ancl  a conical (half) anp,lc of,45 degrees. The shape

followed closely the dcsigt] of t}le ]’ioneer Ve]iNs large probe.

The high-speect  entry of a probe requires protection from the heat of entry.
}Ieat shields have been usc(i for this purpose sit~cc  the early days of the
space pro~ram.  ‘J’hc matcria]s used fol the Galileo probe’s two heat
shields---carbm~  Idlcnolic  for the folebody shield and phcnolic  nylon for
the aftcrbody  shic]cl-  -imvc been widely used for l;arth re-entry vehicles.
~’emperatures  of 14,000 kcl~~in  WCIC generated cluring  the (ialileo  probe’s
entry into the Jovian  atlnosJJ~erc. l:or comparisml,  the surface temperature
ofthc Sun is about 6000 kelvin.

The parachutes wrrc used for two key functiol]s,  separating the
deceleration and dcse.cIIt  ntodulcs  and pxovldi~lp,  an app] opriate  rate of
descent through IIIC atnlosphcre.  Before dcp]oylncnt  of the main chute, a
smaller, pilot parachute was fired at 30 meters pc] second by a mortar to
start the dcploylncllt  process The deployment occurred in less than
2 seconds, pullirlg, away t}~e aft cover  and unfuJlirig  the main chute. The
main parachute’s cliametcr was 2 ,S ~neters. The canopy and lines were
made of Dacron m~c] KcvlaI,  respectively. Once tile main chute was fully
deployed, the forc}md:y  shield (acroshel])  was jctlisoncd.

Descent
Module

The Galileo dcsccnt  module, carryiJl~ the six scicI]tific  instruments, was
not hermetically sealed agai]}st the illftux of the Jovian atmosphere (unlike
those designed fol Pioneer- Venus). “J’hc need to save weight was a factor
in this decision. ) lcmwvcr, m.rtain equipment was hennetical]y  sealed
within housings designed to urithstaTld  pressures up to 20 bars and tested
to 16 bars.

The bar is a unit of pressure. approxilnalc]y  equal to the atmospheric
pressure of the lmlh at mean sea level. (The Circck word “barys” means
“heavy,”) one often sees terrestrial weather data expressed in millibars
(1 000 millibats equal  1 bar), abbreviated “rob.”

Engineering The engineering subsystems of the probe were those systems that
Subsystems maintained the scientific instmments in good health; furnished their

commandhg,  thcmv+l,  and electrical needs during descent through the
atmosphere.; and processed and ttansmitlcd the resultant scientific data to
the orbiter. To cliJ]~inatc sin~le-poillt,  catastrophic mission failures, the
probe was ctesig,t~ccl  with rcd~mdant electrical and electronic subsystems.
1’WO simultaneous CM st ~ca]ns flowed from the it Istrumcnts  to the orbiter.
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Communications The commuIlication  subsystem provided two ] - band c]lanncds.  (1,-band is
Subsystem a region  of tllc radio spmtI u]n is effective for tlans~yission  through

.! Jupiter’s atmosphcI  c.) The two chtimtels  for the probe were at 1387.0 and
1387.1 mcgahcr[~,  IIot)l c])anncls  tlaJISJlllt[Cd  their signals through a
crossed-dipole-pair antenna,

The relay radio hmdwarc @Rll) facilitated the coJnrnuJiications  link with
the probe. Momltcd  oJl Ihc orbiter, the RR] 1 antenna was a 1.1 -meter,
steerable, parabolic ciis}I 3 ‘}IC  RRI 1 digital receivers tracked the highly
dynamic probe sig,nal:s  and ]~roccsscd  thcm fbr storaxc on the orbiter’s tape
recorder and extended  coniputer  mcmoly.

Power Subsystem Once free from the orbiter, the power for the pIobc  came from chemical
energy stored in th~cc battery nmdu]cs,  containi]lg.  lithium/sulfw-  dioxide
(l..iSOz) cells. (r] ’hcsc batkxies had about  22 aInp hours; your car battery
might have about 1 /20th as JInJch.)  Additionally, a redundant set of
therrna] batteries provicicd the high-amperage CLIJI ent to fire the
pyrotechnic hardware required ch~IiI1g  entry deployment events. The
Power Subsystcnl  also c.ont] oJlcd mlcrgy distritnltion  to the engineering
subsystems and scicntif~c  instruments.

Command and
Data  I landJing
Subsystcm

As the name indicates, t})c (ommand at~d Data IIandling (G%DI1)
Subsystem refers to Ihc t wo primary inf(mnation  compoImnts  of a space
mission: connnands and data, The ( lkIIH Subsystem consisted of the
data and commancl  proccsso  ~., the pyl otcchnic. control unit, and the
acccleratiol~  swilclics.  En route to .lupiterj it processed and interpreted
commands fronl the orbiter duril)g  pJ obe tests, some of which were done
just prior to separatimi.

After separation, t}w (kmrnarid  and 1 lata ]]aJ]d]lJlg  Subsystem was in
charge of issuing all con]rnanc]s  irlteljla]  to the probe,. IIowever,  the probe
was inteJ]t]onally  p]accd in a quie.sceId state during its 5-month coast
period. During this intro va], only the coast tiIncr circuitry was powered,

At the end of the coast, 6 houls bcfol e atmospheric critly,  the timer wound
down to zero and “woke  up” the probe. DuriIig tile descent through the
atmosphere, a scqllt’Jlcc  of commands stored in lmIi-vo]atile,  read-only
mcJnory was executed. IJI col~unction with the design philosophy
JncJltioned  above, two clectroJlic “striJlgs”  (or c])aJkt~ek)
were iJnplemeJltcd  lJi the (UOJ l’mnaJld and ]~ata ]-IaJ  dliJ~g Subsystem.
Prior to entry, a self-test funci ion was exercised. ‘1’hc probe’s computer
successfully passed this test.
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Atmospheric
Structure lnstnnncnt

Neutral Mass
Spectrometer
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g’hc science i]lstnllnents  directly salliplcd  the atlnospherc and near-Jovian
environment 0]1 the day of(ialilco’s  arlival at .lupitet.

The primary putposc of thr atmc)sp]leric structuw instrument (ASI) was
to determine how tile t enipwaturc, p~essure,  ami density of the atmosphere
vary with altitude. ‘1’hc AS] was desigg~cd  to take measurements from about
1000 kilometers abc)vc the clou(is dowrl to the tvld of the probe mission.

The instrwnent package corisistcd of acccleratio]~,  temperature, and pressure
sensors an(i asscwiatcd  clectl  cmics. ‘J ‘l~e tenlpcrature sensor had a rangc”from
O to 500 kelvin. (1 ‘lw nmm temperature mi llal [h’s surface is approximately
300 kelvin or 80 cicg,rces l;ahrenheit.)  The pressul  c sensor was designed to
cover a wide rau!:e c)f pressures fro]n 0.1 to 28 bals. The pressure sensors
were similar to devices use(i  on the two Viking, ]nissions  to Mars. Their
reliability had bec]l  demonstrate.ci throu~~h  operation cm the surface of Mars
for several yeals.

“l’he third type of sel]so] in the ASI, acccle]omctc.]s, ccwcred  a wide range of
measurements: from one n]iliionth  of a g to 400 ~,. (A “g” is the accelera-
tion that glavity  ploduces at the surface of the lial th and is equal to
9.8 rn/s2.)  Accelcmtions arc sensed in three dimensions so that the total
acceleration of the ~JaC~a~C  is krlowI1. Acceleration data yield information
about the effect of atmospheric t u~ bu]ence  on tllc prc)be.

The experiment mass was 4.1 kiloglams, and the average experiment power
was 6.0 watts.

The composition of the atmosphere of Jupiter had been studied intensively
with ground- and space-based obsel vations, but nlany  questions remained.
The neutral mass spcctlomcter (NMS) was cicsig~led  to provide a detailed
analysis ofthc chenlical  corj lposition  of the atlnosphere and aid in
understanding the. processes responsible for the. complex, colorful clouds.

The Galileo probe uses a cymdrupolc mass spectrometer. In this device the
ions are passed between four parallel rods. These rods have a combination
of DC and AC voltages that allows ions of a certain mass to pass through,
while rejectinp,  the rest. lluling,  descent, the voltages arc adjusted to allow
different masses to pass through.

Atmospheric Etiscs clltcred  the mass spcctromctm  through two inlet ports at
the apex of the p] obc. 1 ‘hcsc ports wel c sealc(i by metakeramic  devices
and kept under a vacuum  tmtil the probe entercxi the atmosphere.
Pyrotechnic dcviccs  then released the covers, allowing atmospheric gases to
enter and be pumped  to the test cells.

The instrument weighed 13.3 kilop,r  ams and co]lsumed  about 25 watts.

.
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Nephelometer

Lightning and
Radio Emissions
I>etector/
linergctic
Particles
instrument

“.

The nephelomctc~  (NJ]’)  \]:is used to investigate the structure of clouds
and the charactel  istics of particles in the atn]osjhc[e  of Jupiter. (In Greek,
the word “nephe]c”  means “cloud.”) K nowlecig,e  of cloud properties
allows modciing, of the pat]is of energy balance for Jupiter.

The detailed scicntifw objectives of the NM’ am tied to altitude, as
measured by pressure, ~4’ithin  the at]]lC)SphCJc. ‘1’IIc NH’ was designed to
map cloud structures 10 a rmo]utio!l of 1 kilometer from 0.1 to 10 bars.
Alsc), the NE]’ lneasurerl the number’s and dinwlsions  of particles and
determined, by tllcit  shape, whethe]  they were ill the liquid or solid (ice)
state.

The NM’ fired a Iascr beam from the probe throu~h  cloud particles
adjacent to the probe. A detector o]] an arm cxtcndcd  away from the probe
measured the scatlcIcd  light at diffel cnt an~lcs.

The instrunlellt  mass weighed 4.7 kilograms and operated on an average of
11 watts.

For the lightning ard  radio elnissions  detector/cliel gctic particles
instrument (LRD/IIPl) il]ves~igation, two instrulne]lts  shared the electrical
systcm that collected the 1 Xl ) data– together with the scaling, dap~
processing, and data fonnatti~lg  ofthc 1;1’1.

The l..RD searched for lightoing  during  its de.scent thtough the atmosphere
of Jupiter al~d also l]”)casuled  the ~adio-ftcqucncy  nc)ise spectrum of the
atmosphere (the altmunt of radio enel gy as a function of frequency). In
addition, the LRII macle  radio-frcc]uency  mcasurcmcnts as the probe
approached Jupitcl, at about 4, 3, 2, and 1 p]anctary  radii.

The I,RI)  hardware consisted of t}lree basic sensors, Onc sensor was a
radio-frequency ant~~ir~i] that measured in the frcquc.ncy  range from
10 hertz to 100 kilol~cxt,z,  “1’hc  lightning sensors operated in the optical
range. Two se~~sitivc  photocliodes  were placed behind two fisheye lenses
that looked out perpc]kdicu]ar  to the s])in axis of t}~c probe, 180 degrees
apart, to give full ccn’crag, e.

The 111]1 experiment studied the inner poll ion c)f the magnetosphere (the
region withi~l  5 radii of the planet) and the outer ~c.aches of the Jovian
atmosphere. The obi ccts of th is study were fbur species of particles:
electrons, protons, alpha ])arlicles, and heavy  ions (atomic number greater
than 2). (An alpha pw ticlc is the nucleus of a heliujn  atom, which is
composed of two pfotons and two neutrons.)
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The H’] made (~ll~lliclircctic~llal  ]nmsurcments of ~)articlcs.  Samples were
taken at 5, 4, and 3 .Jupitcr  radii, then continuously from 2 radii to entry of
the atmosphere. ‘J’he JW1 could count  up to as JIMJIy as 3 million particles
per second.

l’hc EPI’s silicon detectors were mounted at the end of a telescope tube.
The telescope was ali[[tmd al an allg,le  of 4 ) clcgi  em to the spin axis of
the probe.

The experiment mass was 2.? kilog) ares, and average power was 3 watts.

The atmosphere of Jupiter  is composed primarily of hydrogen and helium,
The helium abundance detector (JIAII)  had the ability to measure very
accurately the abundance ratio of heliu~rl  to hydrogen. The uncertainty in
the ratio was expc.cted to bc (}.00 15, mo] ~ than 1() times  smaller than t}le
best current Voya~cv  unccriainty.

The optical properties of a substance arc a functio~] of its composition.
The HAD instrument made t}Je measurmnent  of the abundance ratio by
dcterminins  the rtf] active index of tlic JoviaIi atrtmspherc  over a range of
pressures from 2.5 to 10 bars, The measurements were done using an
optical interfel olncter.

The mass was 5 kilo~rams,  aId the instrument cxmsumed 1 watt.

Pioneer and Voyap,c]  spmxcmft passing by Jupiter measured radiation
leaving Jupiter’s cloud tops, tmt we could only glwss about the nature of
radiation within the atmosp]wre, In contl ast, tbc net flux radiometer
(NFR) in the probe was dcsi~ned  to ciircctly  san~plc  the local energy flows
within and below tl~c .lovian  clou(i  layers.

As the probe. dcsc.e.ndecl  thro~)~lh various atmosp}~mic  layers, observable
changes in the net x adiation  flux were anticipated, The temperature
differences that tclld to arise f] om the radiative beating and cooling would
produce buoyancy differcllce.s and, ultimately, wil]ds. Iluring  the descent
into a continuously hottel and denser atnlospher-c, the NFR rapidly
alternated bctwccn  look il]g, u] )ward a~ld looking downward. Measuring
the difference in ~adiation intensity between these two views would
determine the amoum  and dil cction of the. rmt flow of radiative energy.

Radiation from the Jovian atnmsphm  entered the instrument through a
diamond window. The Nil< had six lithimn  tantalate pyroc]ectric
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detectors viewin~,  through filters extending, from tllc visible to
infrared wavclc~l[lths. ..

The NFJl had a mass of 3.4 kilcrgralljs  and used a]] average of 13 watts
during descent,

Doppler Wind The Doppler wind cxperimct  II (1 lw} 1) l)~casurcd  tile winds in the

Experiment atmosphere of .lupitcv by usi~]g the 1 )opi)le~ effect. As the probe was
buffeted by wilds durmp, the descent, the frequency of its radio signal
changed, indicating’, tl]c prOtJC’s  velocity and providinp, data about the
winds. Voya~c.r  drda showed winds of 100 ~i~ctws  per second (about
200 miles per hour) at the to]) of the clouds. A~) analysis of the Doppler
effect on the probe radio siglial cali tell us about winds deeper in the
atmosphere and the source of energy that drives tllern. Is the source solar
or dots it come f~on~ heat wcllin~  u]) flom the planet itself?

—.———. .- . . . ..- —- .. —- .-—. -—— —-.-———..——

Probe  Scicntijic Experiment Principal investigator, Objectives
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SECTION 6

AR RI J’AL
A T
J U P I T E R

Arrival Day Evettt.v
December 7, 1995

“.

It was a day of anticipation- terlsio~l  to[}--.-as t}~c inen and women of
Project Galileo watched and waited. Tllc prcscIlcc ,of NASA dignitaries;
friends and families; and the press, supper-tecl by television crews,
contributed to the ~xcite~nent.  l)ata telling the story of events happening
over 900 rnillicm kilometers away toc)k 52 Ininutcs  (the one-way light time
for a radio signal to traverse  the space between Jul)itcr and Earth) to be
received by the Jet l’repulsion laboratory via t}lc 1 )ecp Space Network
stations. During the long, day, expcI  k alialyzed the precious stream of
data; then connnelltator-s  vividly pm (rayed the news of spacecraft and
probe activity for vicwinx  olI television monitors throughout the
Laboratory. Word of the olq:oing  sllccess of the lnission  circled the
globe, headlined ill newspapers and television. By evening, the
celebration was cm. All had p,onc WCII. There had been no surprises!

The 24 hours of Arrival I)ay- ---Dccelnbcr 7, 1995-- were the busiest of the
whole mission. ‘]’hc. orbiter flew close to two of the Galilean  satellites,
listened as the probe  pl,ungtxi  into the attnospha  c, and performed a large
burn to slow itself down and get into orbit.

. . ..-. .. —.. ——.—

~~fi;,j ,,,,BEGIN PROBE FIRE-ENTRY SCIENCE
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we my By The orbiter passed about 32,500 kilometers from Europa  and will return
TWO Moons for in-depth study three titncs  durhig  its 2-year stay. in the Jovian system.

.< Less than 5 hours  after 1 ;umpa, the mbitm flc}v by 10 at about
900 kilometers (559 miles). Because of the tape ] ecordcr problem, no
pictures (which require high tape recorder rat es) WCIC taken of either
moon. For 10, esl)ccially,  this is a gleat  loss. (Currently, there is no plan
for further close ellcoulltcrs  hccausc  of the intense radiation, but Jo will be
monitored from it]tcrmcciiatc ranges throughout the tour.) I“he tape
recorder was ab]c lc) recorci  (at a lm~’ rate) fields arid particles data on the
10 plasma tonls fol 3 and 1/2 hours, ending 1/2 hour after closest
approach. The lapr recordel  stoppe(i  1/2 hour af[cr the 10 flyby and
waited for the probe relay.

10 Has Yes, we now Iamw the theory to bc true. 10 has aJI iron core. It is dense

An Iron Core! and gigantic, takinr, up half of the moon’s diameter. Scientists took
advantage ofthis clc)sest apploacil  by any spacecraft to conduct a celestial
mechanics cxperilncnt  (SCC Radio Science, The (ialileo  (h-biter section).
The pull of Io’s p,] avitational  freki altered the orbiter’s speed slightly,
causing changes in ffcqutncy  of the signal radioed to Earth. Analysis of
the data indicates that 10 has a two-layer stnlcturc., a metallic core
(probably n]adc of iron and iron sulfldc)  about 900 kilometers (559 miles)
in raciius, surrourldccl by ]}allially moltel]  rock atld crust. The core was
probably formed fro]]] hcatin(: in the interior of the moon, either when it
originally formed 01 as a lesu]t of the pclpefua]  tidal heating driving its
volcanoes.

The Core Revealed

And A Surprise! Bmi(ics  VCJ ifying the existcncc  of lo’s core of iron, Galileo’s

Magnetosphere? fields  and particles i~~sttuments  dctectcd  a large b~lbb]c in Jupiter’s magnetic
field near this mocm,  a region where Jupiter’s non~inal  magnetic field
seemed to disappear. (IrI ftict, the rna[wctic field (hanged orientation
dramatically!) This phenomenon sonjctinles  indicates that two magneto-
sphere’s are in cc)l]tact  with o]ic another. Now wc wonder, “Does 10
generate its OWI1 n~a[~,ne.tosphel  c?” If so, it would be the only known moon
to have one. There is also mounting evidence that Io is the source of the
amazing high-velocity dust st] cams appal cntl y ccnning from Jupiter.
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A Close Approach When the orbiter CI ossed 10’s mbit, the probe  had already been awakened
from its 150-day cruise, Ali hour later,  its first instrument (LRT)/LPI)

.,
began measurements of t}~c high energy parlicles  encircling Jupiter.
Abcwt  4 houls aftcl lt:avin[:  10, the orbiter made i!s closest approach to
Jupiter. ~’hc radiation was intense, perhaps 25 tilncs  more than is deadly
for humans. in fact, a third of the total cxpcctcd  Jadiation  dose for the
whole 2-year tour at lupitcr might }Iavc  been absorbed on this one day,

What really happcnecl?  Star scanner data sugp,csted that the radiation flux
had a different profile t]~al~ ]melaunch expectations. Further analysis can
bc made aftel wc J emivc the Arrival IIfiy fielcls and particles data
(awaiting playback from the tape ill mid-June). h~eanwhile,  there is no
evidence of any ladiatiol~-illduccd  anomalous effects; the spacecraft and
its instruments have been al~d contilluc  to pclfonn  normally.

Eight  minutes after closest approac]i  to Jupiter, the tape recorder started
again in preparatioli  fol sto)-ing prol>c data and engineering data from the
Jupiter orbiter insrrtion (JOl ) maneuvcl. 3’hc mbitcr was 215,000 kilo-
meters (134,000 miles) above the plobc---ready  for the radio relay.

The Probe Three minutes later, the sturdy probe withstooc] H structural load 230 times

Descent the acceleration fbrce of F,atlh g,ravity as it slamjncd  into the top of
Jupiter’s atmos[Jher~ at the comet-like speed of 170,0()() kilometers per
hour (106,000 miles pcJ hour), A]nlost 3 minutes into entry, the probe had
slowed enough to deploy  its parachutes anti drop what was left of the heat
shield, exposed to temperatures twice as hot as tbc Sun’s surface.
(The parachute dcploynmnt  occurled  nearly  a minute late.)

Thirty-five seconcis later,  the probe tlegan to trar~s~nit  its data (much of it
redundant) to the orbiter at 12$ bits per second pe) string, (channel). The
probe transmitted xepcnls on the sunlight and heal flux, pressure,
temperature, li@tnil~g activity, wimis, and composition and structure of the
atmospheric, as we] 1 as encr~.ctic  pat licles measul  cments acquired during
pre-entry. Only traces of the anticipated ammonia and ammonium
hydrosulfldc cloud layers wcte actually detected.

Some 8 minutes aficr it enter cd the atmosphere, the probe was expected to
approach the tops of water clouds, but none were encountered. The probe
experienced stronger winds than cxpcctcd,  but cuily slight evidence of
distant though VC] y intense ]i{<htning,.
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The probe’s intcl ]J.al tenipcmturc wtis more C1OSCI y coupled to that of the
atmosphere thal~ 1 )aci bcrn e~pcctcd.  (onscquenti  y, the science instrument

. . temperatures cxctxxicci  opwational  limits. Nm’crtheless,  all the
instruments wo~kcd. ‘To co~ifirm the accuracy of the data acquireci  by the
instruments at lower altitudes an(i uncle] these cxtlemc conditions,
scientists plan to ] ccalii)rate  some of the flight s~)arcs,  tested to the actual
temperature profile cxpcricnced  by the probe.

Thirty-two minutes past mmy, the orbiter’s a?licu]atcd  relay radio antenna
slewed  to compw]satc  for the probe’s changing position below it. The
spacecraft slcwed three more times at 10-minute intervals to maintain
lock. The pmbc cojltirwcd to transmit data for S7.6 minutes until the
24-bar level (152 degrees Celsius a~ld 140 kilon]cters  below the 1 -bar
pressure level).

The Fate of the Scientists believe tl]at as it continue~i  to fall into tllc planet after
Galileo Probe completion of its mission, t}lc probe melted, thcrl evaporated in the intense

heat (at the 5000 -btiI lcvrl, 1 ‘)00 dcf,recs Celsius), It was reduced to its
atomic components and is rlow one with the atmosphere of J upiter.

The Probe Fulfills
lts Mission
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JO1— Unlike other maneuvers the orbite] had cicmc, tl]crc was only one chance to

A Critical,, get JO] right. At] crrol could  have sent Gali]co intg faraway space! The

Maneuver orbiter spun up to 10.5 rpnl as soo~J after complctio~l of the probe relay as
possible to guarantee orientation a)lcl stability dul ing the bum. The orbiter
then fired the 400- IIewton el~ginc to slow its speed.by 643 meters per
seccmd.  I’hc bmli, which began 73 minutes after the end ofprobc relay,
lasted 49 lninutcs.  ‘1’hc  CXfJCI~  1 )SN tracking, ol~-target  navigation
(without the usc of optics, since imaging  had bee]) eliminated during
approach), and a perfect JO] placed Galileo in tlw clcsircd orbit.

Earth Nine hours after e.n~inc  cutoff, I~arth  disappeared bchincl  the disk of

Occultation Jupiter. Fifty ]ninutcs  later,  the SUI1 passed behitd  Jupiter, too, and the
orbiter was in tia~kness  for t}lc first time in yeals,  Finally, after
3 and 1/2 hours of radio silel  Ice, the Earth rcappcarcd to the orbiter, and
contact was rccstablishc.d.  ‘1’he Sun rea])pcareci  47 minutes later. The
orbiter was now or) its “/-nmllth  first c)rbit i]i the .lovian system.
Galileo  had amivcci  !

.—.. —. —, —--.,-..  ,. .,_____ .._- . . . . ,__ -— - .-——. — . - _____ _
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PROBE
S C I E N C E
R E S U L T S

An Artist’s Vimv of
the Probe’s Descent
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.
Under surveillance. by telescopes here on llartl~  as well as the I iubb]e
Space ~’e]escopc, the obsel vations  show that tile prpbc apparently entered
the highly variab]c  atmosphm-e of .lupiter near the s(mthern edge of an
infrared “hot spot, ” All the instruments operated successfully. The return
of t}le probe missiml data, stored o]) the orbiter’s computer memory and in
the tape reccn dm, was conlpleteci  01] April 15 and April 20, respectively.
Scientists reportc.d their prcl iminar}r results at a January 22 press
conference. l~y March 18, 1996, in tinlc for the 1.unar  and Planetary
Science Confcrellce  in llouston,  ~’exas,  they hmt arrived at their current
undcrstandinp,.

What did we learn fronl the ]Jrobe data? Con~prcllcnsivc  analysis will
take years. At this tinw, we can look at the prelilninary findings; they
give us some answers to thr character of Jupitw’s atmosphere--and even
more questions.

..-—.—,— -- . . . .- ---- - ----  .-—. _— --- .= —___________
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Atmospheric The pressure, tcln]mraturc,  and density structure ~ncasut ements  by the
Structure atmospheric struclurc  instrument (A S1) during  dcsc,cnt  are fundamental to

.,.
understanding Ju]~itcr’s  atmosphere and essential in the interpretation of
results from the other expe.r itnents. Evidently, Ihc atmosphere of Jupiter is
much drier than anticipated, based on othet data (Voyager and comet
Shoemaker-1 .cvy 9). Rfithr) than finding a watct abundance twice that of
the Sun (based 011 tllc Sun’s oxygmi content), it appears that the water
abundance of the jovial]  attl]ospherc  is ICSS tha]] or about one-fifth that of
the Sun.

I’emperatures in the upper reaches of the. atn~os~d~ere were much higher
than could be accounted for if sunlig,ht  were the cl]d y heating source; some
other sour-cc oflmat must exist. Plessure rcadill~:,s  in the upper atmosphere
also show a rcgioll more dense than predic[cd.  in the lower regions,
temperature increased with pressure about as expected, although at a
slightly lower rate. This implies that dccpcr  reg,io]ls of Jupiter’s
atmosphere may not he corwwctive as previous] y thought. Scientists look
to the probe data to better ulitiersiand  the influence of internal heat pouring
forth from .lupitcr’s  mm-.

Structure of
Jupiter’s Attuospilerc

.-—.——— _.. . . . . . . . . . . . . . . .-_ . ..__ ._ .. ___  ._, -, ,,
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Helium Data from the helium abundance (tctector (1 IAIJ) reveals that the mass
Abundance ratio of helium  to hych-o~ell  is abcmt  24 pcrccnt,  cl(pe to the value of the

.. primordial Su]l- when the sola] syste~rl  was forf~ling.  “J’he theory of
planetary evolution ~mlst  rmw take into account the fact that there has been
little change in helium  abul)dance  ill t}~c Jovial] atmosphere since the birth
of the solar systeII1.  Also, l)clitnn has ~mt rained drew] or settled toward
the center of the planet as much as it seems to have done on Saturn, where
the ratio is only 6 ]xvcc  IIt.

Chemical And what of the olher one Jwrcmlt? The neutral mass spectrometer (NMS)
Composition detected the prcsc~~cc  of heatry clelllcrlts-----ca  rbo1~, nitrogen, and sulfur—

suggesting that mctccwilcs and othel small bodies have contributed to the
planet’s composition. 1 ‘CW complex organic cornJ)ounds  (based on carbon
and hydrogen) were evident so the likelihood of finding life as we know it
here on Earth is cxtrcnwly  remote. (Jxygell is hip,h]y depleted relative to
the abundance on the SUI1, a ] csult t)lat will form ncw ways of thinking
about Jupitm’s  for~nation  and evolution.

Composition:
A Tracer for
Planetary History
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Clouds The ncphclcnnctc~  (NIP) ciata sulp] iscd scicnt ists. None of the expected
thick, dense clouds w’etc found! (kmccntmtimls of cloud particles and
haze in t}~c  ilnmc.diate vicil~~ty  of tllc p] obe were minimal. NIIP’s laser
beam detected only onc distinct cloud structmc, ]tossibly  the expected
ammoniut  n h ych osulfide  cloud layer. Yet obser vat ions from Earth and
Voyager indicate that Jupiter is mlshroudcd  with clouds. Scientists
thought there would  k]e three cloud layers: an upper layer of ammonia
crystals, a middle hiye~ of a[nnmnium  hydrosulfldc, and a thick bottom
layer of water and icc crystals. It n)ay be that the probe site was
not typical.

Thermal/
Solar Energy
Profiles

The net flux radiolnetel  (N1:R) apparently detcctc.d the bottom part of the
amnlonia  cloud Iaycr by mc.fisuring  the decrcasc i]] direct sunlight as the
probe dcscenclcd,  “Ihcse clouds would  have bum at some distance from
the probe. l“he N}’]< inf] ared radiative flux charil]cls measured energy
fluxes consistent lvith the chy atmosphere.

Jupiter’s Clouds

Net Radiation }:luxes
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Lightning
. .

The lightning and radio tmlission clctector  found no evidence of lightning
flashes in the vicinity of the probe, Radio sigtlals  r,~vealed  distant

.:
discharges– perl).aps one l%rt}~ diameter away but Inuch  stronger than
those on liarlh.  Apparently light~lillg is 3 to 10 limes lCSS  common per
square kilometm  pcJ  hour ll~an o]] } ~ar[h. Since lightning is believed to
produce organic compounds, these findinss support the dearth of such
molecules found by thr nmtral  mass spccttometer.

A New As the probe passed thl oug,h the rep,ion between .lupiter’s ring and the

Radiation Belt upper atmosphere cluring  the 3 hours before entry, the energetic particle
instrument (1:,1’1)  made a surprising discovery. lt detected high-energy
helium atoms (source utlknown)  anri a ladiation  belt about 10 times as
strong as the F,artl~’s Van Allen radiation belts. A study of this
phenomenon will g.ivc scicn[ists  new insight into the high-frequency radio
emissions from Jupiter an(i other objects ill space that also have
magnetospheres all(i trapped ra(iiation.

Energetic Particles
Investigation

. . . —.——----  . . -,--------  .,. -_..,__ --. .. —. —.— -.. . . ._. _
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Strong Winds
‘-

Finally, the Dopplel  wind experimcv)t itdicatcd  that zonal (east–west)
winci speeds nc.a) clouds levc]s arc about 540 kilon),~tcrs  per hour
(330 miles per houl).  \}~inc]s  just as powcIfL]] exist at the top of the clouds,
according to 1 lubb]c  Space ‘J ‘clesco]m observations. Until the probe
descent, the wind :ictivit~~  below the clouds had been hidden from view.
Using the IIopp]cr effect, the changes in the frequency of the radio signal
from the probe as it floatcxi downward amidst Iurbulcnt  currents told the
story of vertical val-iat  iml in wind sh en~th.

Toward the end ofthc mission, deep witlds sustaillwi 680 to 720
kilometers pel hom (425 to 450 miies pcr hcwr). “l’his consistency in wind
speed suggests ti~at  the i]delisc  heat I adiate(i  from the interior of the planet
is responsible for tllc stron~ winds.

The IJoppler  Effect

An Atypical Were conditions at the probe tmtry  point  t ypical of the planetary
Entry Site? environment? lo fmd out mow about this, the measurements acquired by

the six probe instmnwntx  undrr  these unique circumstances will be
augmented by a broa(i ra~lg,e  of data f~ om orbiter science instruments
during the Jovian toul.
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3’l)c Jovian tour is a series of targetcci cncountcls wit]l  the Galilcan
satellites. In prc~}alatioll  for the tour, tile gravity assist from the Io flyby
and the Jupita orl)it  insertion (JOI) mancuvcrc(i  th~ orbiter for the first,
and by far the lo)l~cst (ncal  ly 7 n)o~]ths), hig,hiy elliptical path about the
planet. Galileo is now cm its way to a close encounter (500 kilometers)
with Ganymccic  o]i June 27, 1996.

A g]ance at the flp,urc bclot$r will show you the series of11 flower-petal-
shaped orbits for the tour. A total of four cnccml]tcrs at Ganymede, three

T H 1; T 01] I{ at Europa, and thl cc at Cal]isto arc ])lanned. AftcI the first encounter, the
orbits will be mt)ch shorter, and the tinlc for each will range from 1 to
2.5 months. After the ~nission  has bee]] cmmplctc.{i  (I)cc.ember 1997),
Galileo  wiil cent ir~uc to orbit Jupitc] fol probab] y thousands of years.

Satrl[itc  Tour
Petal  Plot
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A Typical Tour First, how do we llatne an O] bit? “orbit  MN!”- where “M” is the first
ls. . . letter of the nlool)  ([, };, 01 (i for (k]l]sto,  ]iuIopa,  ~)r Ganynlede)  and “N”

.,
numbers the orbits  fro~n 1 to 11 (the insertion mbit counted as zero)—
actually narncs tltc set of observations and spacccraf[ activities performed
during each satellite encou~)lcr  period of the tour. (i 1 is the encounter at
Ganymedc and brgins the second complctc  revolution around Jupiter.
Since the orbit insc~  [iol) mal~euver, (ialileo has bcem in the first orbit
around Jupiter, JO, o]] its way to Ciallyn~cdc.  F’m a listing of t}~e
encounters, scc the table below.

Satclli[c
Orbit Encountrr
—.—,—— - .- . . . “., -- - ..-.

1 (ianymede
2 Gan ylncdc
3 Callisto
4 Europa
(5) (Solar conjunction)
6 Europa

Tour llighligltts 7 Ganymcdc
8 (ianynmk
9 Callisto

Magnetotail
Apojove

10 Callisto
11 Europa

Dair Altitude Altitude
(WC) (km) (miles)..— _____ . .._. . . . . . . . ,._ ___
.Iunc ?7, 1996 844 524
September 6 250 155
Novelnhcr  4 1104 686
I>cccmbcr  19 (Pg? 430

(l,CI C.1OSC flyby)
February 20, 1997 587 365
Aptil 5 3059 1901

May 7 ]585 985
Itllle 25 416 258
August S

Septemtwf  17 524 326
Novcnlbcr  6 IJX 699

The Orbiter What will the orbiler bc doins, during, the satellite tour?  Rach orbit is
At Work divided into an cxwounter period of approximately one week and a cruise

period of several weeks duration, the retuaincier  c}f the orbit prior to the
next encounter (see figure, I’ypical 01 bit, -1 1 ‘o 2 Months). During pafi.s
of each encountel  pcl iod, Galileo will be recordins  data at high rates onto
its tape recorder in addition to returntllg  real-time. fic.lds and particles data.
This recorded data will include images, ultraviolet and infrared spectra,
and high-rate flclds and particlm rncasurcments  (especially around closest
approach to the targwted  satellite for that orbit). I luring the cruise period
of the orbit, the recorded data will be played back to F,asth, interspersed
with real-time fields and particles clata.

—..—.——- . .- . . ----- . . . . .-_. _ _. . .. ___
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Tjpical  Orbit
-1 to 2 months

-me Scicncc
OppOrlunity

3’JIC principal scic]m clcmc]}ts  fm n t yl)ical  orbit arc remote sensing of the
Galilean  satellites find Jupiter atmosphere (pcrfcmncd  primarily within  a
few days of eacli satellite  ettcountcr)  and in situ Ineasurcmcnts  of the
magnetosphere, acquired continuously but with  hi@cr  resolution near the
satellite encounter and dnrinfi Galileo’s trip down .lupiter’s magnetotai]
(between C9 and Cl ()). MOSI of the remote-se]  lsing data will be recorded
for playback bctwccn  mmullters,  although some NIMS and UVS
measurements arc sent II] the real-till~e  stream. Fields and particles
measurements, the core oftlw  magnetosphere data, will also be recorded
during encounter, as well as Ilcing eclited  for nea~-real-time inclusion in
the downlink.

I’hree working gmu]w-  Atmospheres, Satellites, and Magnetosphercs-
have been cstablisl)cd  to Incct the. scicncc  objectives of the tour (see The
Galileo orbiter section). Hach group has its own focus and needs for
acquiring and retrieving clata.  But as you can imap,inc, there are
restrictions on just hmv much data is available fcu each discipline. So the
working groups btir~ain atid ]nakc trades  to deal with the operational
limitations imposed by the. an Iount of taj)c recordc] space available, the
number of bits cd’ d;~ta lhat cm) bc returned to Earth prior to the following
encounter, and the at nount of spacecl  aft memory available to retain the
observing /cmgi)m:ri;lg,  scqucIIccs.
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Aiming the How will the l’r[)jcct Grili]co  team “steer” tl]c s~lacccraft so that it will
Spacecraft encounter the othm Cialilca]]  moons? Rocket  1)] opulsion  could have done

. .. the. job, but the anmunt  of ]~1 opcl]a]lt rccluimd to perform the maneuvers in
Jupiter’s strong  ~]avitational  fielcl  would have added too much weight to
the spacec.rafl.  Renmnbcr  \rkXGA?  (See ‘1’hc .loumcy to Date section.)
Yes, gravity-assist will be tl]c answer. At eac}t  clmnrntcr, the gravitational
force of the satellite will be used to alter t}~c  CCNIJSC of the orbiter—and
this technique requires only a small amount of jmqmllant  to fine-tune the
spacecraft path. “1 ‘hc e] d irc t OUI call bc flown so that thrusters need to
supply a chang,e in speed of only about 100 mctcls per second, 60 times
less than woukl  otlmrwise. bc needed, We think of this trajectory design as
a 10-cushion shot i]] a celestial billiard hall galnc! (If you could make
very small corlecticms  alorl~l  the way.)

Both radio trackin~’, and optical tiata  are rec]uirccl  to navigate the orbiter.
Special navigatiml  passes al c provided three ti]ncs a week and more often
around orbit trim nlal~euvcrs (01’h4s) and satellite encounters. Frequency
depends on the spacecraft, the target body, a])d star geometry and on the
OTM schedule (t])! cc 01 ‘Ms pet orbit). Post encounter (-I 3 days) will
typically be used to corl cct t}le  previous satellite. encounter flyby energy.
The maneuvels fbr apojove  and before encountels (- 3 days)  are typically
used to target to tlw  next sate.llitc encourker.

Getting a Lift! This critical steering, of the S1 jace.claft  stw-kd in the vet y first orbit. The
400-newto]l  engine was called upon for the third arid last time to change
the course c)f Galilee). ChI Mfirch 14, 1996, it pcxfcmned  the perijove raise
maneuver (PJR). ‘1 ‘hc satne tis wit}~ the ODM atlcl Jol, the 400-newton
engine did its job WCII, this time doubling the orbital speed  of the
spacecraft while it was at apoiovc,  its gtcatcst distance from the planet.
And PJR raised the spacecmf[ from 4 RI to 9 R] (.lupiter  radii) for its
closest appl oacli.

Why was this marmuver csselltial?  As you know, Jupiter has an intense
radiation belt that could damage  the science instruments and the orbiter
itself. Galileo was clesigllcd  to withstand 150 kracl, a lethal  dose for
humans. on arrival, the orbiter was subjected to this radiation hazard
following the 10 flyby when it reached pcrijove (closest approach) at an
a]titudc  of 2 15,0(10 kj]OmCk.IS  or about ~ ~J (4 ~J from the center of the
planet). There was II(I damage at that time (except for temporary radiation
saturation of the star scanner), but rej)cated doses of radiation could and
probably wcnr]d bc a different story. That is why PJR was performed.
To limit fur-the] radiation expcwurc, PJR mised the perijove during the
eleven tour orbits to JlCi3J that ofl-ktropa’s  orbit, about  600,000 kilometers
above  Jupiter.
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Pointing the other spacecraft house kec]}ing  cho] es include att ituctc  maintenance to
Spacecraft keep the spat-ccraft pointinp  within 4 ctcgrces of };arth for tclecom  link

. .
performance and cnp,inecring  monitoring. Real-time engineering (R7X)
data is supplied at eithcl  2 or 10 bps (the IOWC1 late is nominal). C)n most
orbits, special tml)s of the spacecraft are planned to allow the scan
platform instl LIIncI)ts M v]wr parts of the sky which are otherwise blocked
by the booms or main body of the s])acecraft.  ‘1 Iiese turns are called
“spacecraft incrlinl turns” o] S1”I’URNS,  but they arc more commonly
known as “science  tutns, “ ‘1 argcts  that arc enabled by SITLJRNS are
Jupiter darksidc  obscrvatiolls,  such as aurora, li[$tniltg, and ring
observations. I h]] ir]g the nlission,  20 kilograms of propellant are
budgeted for SI’1’[JRNS; a typical 90 degree  turli  and return costs about
3 kilograms.

Tcle- Galileo’s radio puts out about 20 watts of power, about the power of a
communications rcfrigerato]  lightbulb.  Ily the time it reaches the l}Sh~ antennas on Earth, a

l’O-n~ctcr  antenna is able to scoop up only about OIIC part in 10 to the
20th watt, in other words .00000000000000000001 watt. The Deep Space
Network (I)SN) stations at ~;oldstonc,  California; h4adrid,  Spain; and
Canberra, Austl alia wc ready. Canberra is in the best position for
reception most of tllc time. Starting in Novcn~bcr  1996, nearby Parkes
radio telescope (nc)t part of tl~e DSN) will help boc)st  coverage. New
receivers, enhanced S-band I cceptioll,  and the ability to array multiple
antennas all contribute to the capability of reccivin~  these tiny signals
from the spacecmfl,  Not only will there bc arraying of antennas at the
Canberra site (SC.C flp.ule  fox Station 42 and 43; Station 34, not shown, is
newly constructed), but also across continents whmt Goldstone is arrayed
with Canberra.

Arrayed Atttenrias at
Canberra
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Ilownlink Galileo’s radio signal to Ilarthj  the ciownlink,  call be thought of as a
“pipeline.” It is ou] only cf~ll]]l]ullicatic)rl  iinc mid qwst carry all the
navigation, en~i]lccring,  a~l(i science data- real-time a~ld recorded—to the
DSN receivers fi}l further analysis by Project Galileo.

New spacccrafi  soft~$rarc  thfit  improved tclcco~~)l~lu~licatio~ls  was uploaded
in the spring of’ 1996 (SCC ‘J “he Galileo Orbiter section, Spacecraft
Subsystems, fo~ tile f~rst  software upload). ‘1’his l’base 2 software
modified most sciclm instruments, the Command and I )ata Subsystem
(CDS), the Attitucie  and Arliculatio~l Control Subsystem (AACS), and
most of the Projccl  ~ia]i]co  ~~,round  data systems. The upgrade allows
editing ami colr~prcssion of the sciel~cc ancl cngir]ccring  data streams and
provided a buffw i~]~ mccha~lism to manage the flow of data from real-
time sources anti tllc Ilda h4cmory System (DMS) tape recorder playback
into the downlilik  charmcl.  ‘1’hesc cl)angcs  will illctcasc  the 8- to 26-bits
per second data tlansnlissiol]  rate by 10 times.

The magnctospher-ic  survey znd parts of other hi@ priority data sets
require continuous real-time science data collcctcd  at rates ranging from
19.7 to 151.8 bps. “1’hesc dati~ ale stored in the multi-use buffer (MUB)
when the co}lcctioll  rate cxcccds  the telemetry rate--- and may place
constraints on the playback process if a larp,e part of the buffer is required.
The MUB is a “/1. k,i ]obytc rc~?ion  in the CDS used to temporarily store
raw real-time scielu ciata,  raw playback data, arid processed data prior to
downlinking.  Ilatti compression contributes to the effective use of the
downlink.  once data is ill the MLJB, Galileo’s computer (the CDS),
begins processing it, using  instructions  from the stored sequence. These
instructions apply special rules that ciclcte data not wanted and apply
special formulas to tllc rc]nail~ing  data to reduce (iata volume while
retaining the information content. IIata are further encoded, using
telcco~~~l~~ux~icatiol)  te.chniqucs  that allow en or con ecting  of the data
received at Earth; this process permits transmission of data at a lower
signal strength.

Playing Back the Playback of data front the tapt recorclcr  is scheduled anytime during the
Tape Recorder cruise phase of each orhil when the dowlllink  is at least 8 bits per second.

The autononlous  playback process shines the. available. telemetry
capability with real. time science (RTS) aftcx the hip,hcr priority
engineering data has been placed into the downlink. LJnlike  RTS, the
playback prc)cess  is ciynalnic and can]  espcmd to the daily variations in the
downlink  rate. ‘J’hc playback process is initiated, paused, resumed, or
terminated throuch commamis  in the stored sequel  ice.

---- ——- ,-. . . .,______ . . . . . . . —. .-—___ .._, .. —____
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The rmw sof(warc l)as i~nprovcd  the I)h4S tape rccorclc~  playback process.
The innovative ciata co~nprcssim  ]mthods  pelfo] m~d onboard the orbiter

. . allow retention of the most intelestinp,  and scientifically valuable
informaticm,  while mi~li~ni~.ing  or climinati]]g  less valuable data (such as
t}~e  dark back~t  ound of space) before tlanstnission to Harth. Using a
technique callcci “ll~tllti-frall~i~~g,,” scvv-al  images fill the dark region of
space in tl~e single flatnc  that formerly carried onc imap,c. The CDS can
now collect data f~ om MCI] of the modified science instruments by source
(except SS1 datti, colnprcsstd  by AACS), edit crrch data stream, assemble
the data into packets, asscnlb]e  packets into virtual channel data units
(VCDUS), and store those VCDIJS  ili the multi-use buffer for later
downlink.  One sample  of about 100 seconds c)f data acquired by the
instrument is now’ cquivalcnl  to abc)ut  ?./3 sccomi of (iata on the tape!

Because many of the eclitinp,  and selection algorit}nns  are dependent on
data type, it is not ]wssiblc  to predict exactly hot~ much time or tape space
will be use(i up in each tape ~eading session or “gulp. ” ~’he CDS will
continue to captuw  se.lectcd  data from the tape until the quantity of data in
the multi-use buffcl cxc.ecds an estal~lisbed  C1X3 operating parameter
called the “high water nmrk, ” At this tiltle the data are sent to the playback
processors along,  wi[h their dcfirmd editing paramctcls. The tape motion
will begin agai~l wllc.n the p] ocessed datti packets })avc been sent to the
lelemetry frame builder ancl the multi-use buffer level drops below the
“low water mark,” lJpoI] that condition, the CIIS will begin a new gulp
process, incrementing data pl ocessing  windows as needed when new data
types are eneountcrcci  011 the tape recorder. Retncmbcr, all this happens
without calling hoIIic!

In what order is the data retutl]ed?  Ciencrally,  ili the c)rdcr it was acquired,
but spread over the se.vel al weeks of the orbital cruise. SCJ data recorded
in the first day or so of tllc encounter will be playccl  back in the first week
or so of cruise, arid data rccolded OJI the last day of the encounter will be
played back in the last week or SC) of cmisc. An interesting but also
complicating characteristic of ~alileo’s  playback process is that the
achieved compression is not detennillistic--probably  not predictable
within be.tte~ than days as to exactly ~$rhcn a given data set will bc
returned,

to

The following frgurcs tell ihc story of the pipeline from Galileo to Earth.
In the figure  on the top, the playback ])rocess be.~ins with both the DMS
(tape recorder) and real-time science flowing clata into h4[U3 until the
level  hits the high water mark (HWM). The middle  figure shows us that
when the MIJB is fillccl, the Cl )S stwts psocessin:,  the data by means of
algorithms. The bottom  figure  illustrates the processed data, now chunked
into packets, flowitlg down thr pipclillc.

.-.. -—.—-— --- -----------------  .,. .-—.. ,-- .—-. -———  . . . . ._. -
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AND COMPRESSING T NC REMAINDER

TO [IOWN LINK

PI+ C)CESSED PACKAGES GO BACK
TO MUB, WHERE THEY WAIT TO BE

DOWNLOADED

Where and whcli will events  take place?  Project Galileo has prepared
Quick-Look orbit Facts  sheets to help you track  our itinerary.
The titne  of arrival, the altitude and position at the time of closest
approach, and the scicnc.e highlights are just a few of the facts you ’11 have
handy for each orbit. Maps of the ellcountet  trajcc.tory  aJld the flyby
geometry for each encounter offer some visual relief and point the way.
A timeline  surnn~ari~ing, the lnajor tour events and the set of Quick-Look
Orbit Facts can be foumi in tl~c Appendix; they cmnplete our description
of the Galileo tom.

Though our toul will be endil]~ in IX-cenlber  199”/, the work of the
scientists will bc in fllll swin~, They will bc piecing together the
observations and ana]yzitig,  this valuable data for years to come. No doubt
new understandinf:s  of our solar system  will emtxgc from this first time
visit by a spacccraf[ that orbited an outer planet. We look forward to
unlocking the mystrries  .lupitcr  holds.

---- —----  . . -------------  .-_ ..,__ ---. -—. —---- .-. ——_
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A P P E N D I X This appendix coritains  a tilneli]le,  ~ialileo  hflission Overview
(June 199[~-lkc]nbcr  199’/), and a set of Quick- I.$)ok Orbit Facts sheets.
The essentials of cac.li  orbit are listed. We }~avc provided them as a handy
reference while tl)c orbitcu’s tour plogressc.s  ill the months to come.
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GNFJ

Indicates the target satellite and the nunlt)el  Of the
orbit in the satellite tour. In this axarnpie, character is t ics  of the target satell ite
Ganymede is the target satellite on the first orbil of encourder  as well as the Jupiter encounter,
the orbital tour. including a comparisorl  of the target satellite

,—. . . . . . . . . f l y b y  a l t i t u d e  t o  those  o f  t h e  V o y a g e r
spacecraft. It alsc] defwres the orbit encounter

u

— .—.—
This plot shows the path of the spacecraft as it
flies through the Jupiter system. The target
satellite and Jupiter closest approaches arc s.@QllmFJ!bLGeQ.msLy
labeled and indicated by the white circles, The This plot shows lhe path of the spacecraft as
directions to the Sun and the Earth are indicaled it enccwntors the tar@ satellite. The target
by the arrows near the top of the plot. 1 hese satellite closest approach is labeled and
particular plots are also known as NorllI Trajeclc)ry indicated by tho whilo circles. The directions

to the Sun, Earth and Jupiter are indicated by
.-,--- arrows on Ihe plot. The grid on the satellite
- - - - - prcwidos information about the flyby latitude

(Science High!j~
and longitude. Thesfi  plots are a combhation
of North and Soulh T rajectc)ry Pole View

T h i s  s e c t i o n  p r o v i d e s  a  h i g h  10velfIWI-

=WW.Q!I-  listing  of the science tt~at  will t~e
accomplished during this encounter period. The .—.—. —

listing is divided amongst the three main afcas of
science interest: Jovian magnetosphere, .. --—. .. —- . . . -----

satellites (Galilean,  minor, Jupiter rings), and
This section prcwides a listing of important

Jovian atmosphere.
missicm  and engineering events, as well as
selected science observations that support. - - , - -
the  sc ience nlentioned  in the Sciencee—— . . . . . . .

Version Number and Publication Date
.-!----

~. -.., -.-. --—-..—’.—-~
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PROJECT GAUL.EO QLIICK-LOCJK  C) RBI1’ FACTS
.,Fact .SUket (jl~ide.,~——-, . ... . . ..-—..—. ——..—X L?IJ?I’)WZS
7

L ,“..,-” ----- -,,. .  ..~
AU - astronomical units N - Nmlh Flj - Jupiter radii
C/A - closest approach NIMS - Ncmr-lnfrarcd  hfiappirq
deg - degrees

RS - Radio Science
Spcctrcmr]etel SCE:l  - spacecraft event time

EUV - Extreme Ultraviolet ok - Ohscrvaticrrl SS1 - Solid State Imaging
Spectrometer OTM - ctrbit trim maneuver LHC - Universal Time Coordinated

F&P - Fields and Particles instruments OWLT - one way light  time UVS - Ultraviolet Spectrometer
k m  -  k i l o m e t e r s PDT - Pacific Daylight “I”rme VGFI1 - Voyager 1
km/s - kilometers per second FIST - Pacific Standard Time VCSF{?  - Voyager 2
min - minutes PPR - Phc)lo[)olarirl]etel Radionmter W - West

\ . ..1-------- A
v .-!---. -=.

———-~

(yossiz?y  Ofs’di?ctcd-le?m!!., -
b .—! . . . . .m...—a.— —— . 4

Alfv6n  wing - collection of electromagnetic waves palimpsest . a rcm?hly  circular spot on icy satellites,
generated as the presence of plasma leads to the thought to identify a former impact crater.
“slowing down” of the magnetic field lines being phase angle  - the angle between the Sun, an object, and
swept past a satellite. an ot~server.  O degrees phase means the Sun is

aurora - a glow in a planet’s ionosphere produceti  by the behind ths observer,
interaction of the planet’s rnagnetosphe!e  with ~dasma - a highly ionizecl gas, consisting of almost equal
charged particles from the Sun. nurnt~ers clf free electrons and positive ions.

Fields and Particles Instruments - compliment of t’lasfrla stleet - 10w energy PlaSma,  largely concentrated
instruments designeci to provide data need to stleci withirl a fow planetary radii of the equatorial plane,
light on the structure and dynamical variaticms  of the d is t r ibuted throughout  the magnetosphere
Jovian magnetosphere. This compliment is made throughout which cc,ncontrated electric currents
up of the Dust Detector, Energetic I’arlicles flow.
Dectector, H e a v y  I o n  C o u n t e r ,  Magnctcmleter, si~tellites, Galilean  -10, Furopa, Ganymede, and Callisto;
plasma and plasma Wave SIJbsystems. fou r  largest sa te l l i te s  o f  Jup i te r  d i scovered  by

magnetosphere - the region of space in which a planet’s Galileo in 1610.
magnetic field dominates that of the solar wirld satellite wake - region created in front of the Galilean

magnetotail - the portion of a planetary magnetosphere satc!lhles as the charged particles that corotate with
pulled downstream by the solar wind. the Jcwian magnetosphere sweep past the satellites.

occultation - period of time during which sunlight c)r the solar conjunction - pcrioci of time during which the Sun is
radio signals to/from a spacecraft are interrupted by in cjr near the spacecraft-Earth communications
the intervention of a celestial body. path, thus corrupting ttle communications signals.

OPNAV - SS1 image taken to support optical wwiation; tc)rus, 10- ring-like cloud of neutral and ionized gases
image typically consists of the limb clf cwm mairl
body (Jupiter or a satellite) and three to foul stats,

(plasrlla) along lo’s cwt)it believed to be associated
with ttle volanic erupticms on 10.

—.— —--—- ——— -.-— .- .-,-- -— ----- .- —---- --——- --. -.-. — . ----- . . . . ..— _ —

External Sources:
Dessler,  J .  Mysk&Qtm.&~m@jpher&.  Carntmdge  L)niver>ity  I%CSS,  1983.
Yates, G, M., et, al. Qal&w.  L~mtiQI@J@~ffiysleqj.  NASA, 1985
Kelly Beatly,  J. and A. Chaikin.  ~Qb@slaWMea.  3rc; edmon.  Gan~tmcl~e Universly press,  1 9 9 0 .
&acQWrmdW&rws. volume 60. K(uwer Academc  I’ubkhcrs,  199?.

h -..,ti.-. --.--”. ——~
/ — - - - - - - - - - -— .—

Disclaimer: The information contained in these fact sheets is based on the latest available mission plans as of the
publication date. Mission plans are subject tcl charlge as they go thrcwgh the final planning cycle prior to
transmission to the spacecraft. Stay tuned for infcwmation upciates.

For additional information contact us at: Galileo outreach  Coordination, Jet Propulsiorl laboratory, M/S 264-765,
4 8OO Oak Grove Drive, Pasadena, CA 91109-8099. Phcme: (818) 393-0592, Fax: (818) 393-453o, Email:
askgalileo@gllsvc.  jpl.nasa.gov.  Or visit our hon Ie  page at htll l://www.j\d.nasa .gov/galileo.
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PROJECT GALILEO CJUICK-LOOK ORBIT FACTS
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Q@@’acts ~

Ganymede Encounter

27 June 1996
06:29 UTC

Altitude: 844 km
133 times closer than VGR1
70 times closer than VGR2

Speed: 7.8 km/s

Latitude: 30 deg N

Longitude: 112 deg W

Perijove

28 June 1996
00:31 UTC

Altitude: 10 Rj

Earth Range: 4,2 AU

OWLT: 35 min

Encounter Phase

23-30 June

Cruise Phase

30 June -01 Sept

jt4amMm7hc7~ $llly?m$
●  (janymede  wake

JQI&Ifl trnomhere
● $’0 Ti-)vn edr an dEuropa ●  (j’rk?at.  !F@spot

Cr-ossi?lg, gm[ogy o?ldo t.mos- ● .Tupitw northern and

● Star t  ofjilst  ‘~tlini- phrric pqvrties southern aurora, Io
tour” ~fjovian ● 10 mm it ori?lg, distmi t. footprint
?nagnet.ospherc (k[[ist  o ohseitiations

.  <&r~lote  10 to~%~ ● .51fa.w prqjejj ics qf
observations

L — — —  .  .  .  .  .  .  .  .  .  .  .  . #
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- - - - - - - - -
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Start E.ncounler 23 June 9Ci QQ:()[) Europa (1A (156000 km) 18:22

Start Ganymede-1 real-time survey (F&P) 09:02 Europa global  observation (NIMS/SSl) 18:43

Firsl  remote 10 torus observation (EUV) 10:20 10 full disk map (PPR) 28 11:22

Jupiter auroral map (UVS) lg::~ 10 CIA (697000 km) 11:28

OTM-6 24 11:30 Science 1 urn (High phase 10, @iler) 15:30

First 10 monitoring observation (SS1) 25 10:36 10 eclipse observation (PF’R) 20:37

Ganymede global color image (SSI) 26 01:45 10 eclipw observation (SS1) 20:46

Ganymede gravity field measurement (RS) 13:?9 Science 1 urn (High phase 10, Jupiter) 23:38

Last remote 10 torus observation (UVS) 14;?3 Last 10 monitoring observation (NIMS)  29 04:32

Ganymede global surface map (NIMWVS) 14:30 Last Great  Red Spot obserwt,on  (NIMS) 07:45

Ganymede dayside thermal map (PPR) 2[]:?4 Start Playback 21:30

First Great Red Spot observation (SS1) 21:18 OTM-7 30 00:42

Ganymede Nippur  Sulcus  ohs. (NIMS/UVS) 27:?1 1 urn to return to Earth point 17:45

Ganymede wake crossing recording (F&P) 2:{:07 End Ganymed(}-1 real-tinle survey (F&F’)  02 July 17:00

Ganymede Uruk Sulcus  mosaic (SS1) 23:08 OTM-8 05 August 01:00

Ganymede Galileo Regio mosaic (SS1) 23:09 Firsl Gariyn~ede-2 approac+  OPNAV 09 18:49

Ganymede C/A (3480 km) 23:29 Start 1s! magnetosphere ‘mini-tour’ (F&P) 14 17:00

Callisto C/A (1040000 km) 27 06:13 Tunl fc,r attitude mainlenanw 18 18:40

Europa north high latitude ohs. (NIMS) 17:01 O’l M-9 27 10:30

Jupiler C/A (789000 km) 17:31 Encl Piayback 01 September 09:00
.-!---------- ——
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Quic~$’acts  ‘,

Ganymede Encounter

06 September 1996
19:00 UTC

Altitude: 250 km

448 times closer than VGR1

238 times closer than VGR2

Speed: 8.0 km/s

Latitude: 80 deg N

Longitude: 123 deg W

Perijove

07 September 1996
13:37 UTC

Altitude: 9.7 Rj

Earth Range: 4.7 AU

OWLT: 39 min

Encounter Phase

01-08 September

Cruise Phase

08 Sept -02 Nov

●  (j’anymede  nortfijl@h  ●

●

wing C?oss’in$

Centra[orhit  i?lfirst ●

‘$nini-t.our”  of .70vian
?nagnet.ospfie?z ●

.W mto.~heric  Circuliztion

.7upiter southern aurora

.Thoema&er-~evy  9 remnant
mat eria[images

~____. .._.._. — #. . . . . . . . . . . .
——~

L______ ---..- . . . . . . ..-—-.. PAGE 1 OF 2
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~— ..,=.. —-.”=

——”~@zynudi T&Jy ~eonwt?y-> —c . . . . . . ..—-. ”——— /

Ganyrnedc VA

/
~~~.-..!  X,?”. /

+30 min + 15 Inin

@

Sun

Jupiter “~~
-15 nlin-.

-. -30 min +

Ow 270W Earth

b ——— .  ..! . . ..--... ——.  ——. &
— — —  .  ..! . . .. —-  . . .—  ——.  —

Ii%nc Or.demd.Lisi.ing
-

EWU____—___— - .._._.._.__llME  fE!RuPsl:sGLll  _

Start Encounter 01 Septembe! 1996 0$1:03

First 10 monitoring observation (SS1) 02 16:14

Last Ganymede-2 approach C)PNAV 22:35

Shoemaker-Levy 9 impact zone ohs, (SS1) 03 10:10

Shoemaker-Levy 9 impact zone ohs. (Nlh!S) 10,25

Jupiter auroral  map (UVS)

OTM-10

Ganymede gravity field measurement (RS)

Ganymede north pole map (NIMWVS)

Ganymede wake and wing recording (F&f’)

Ganymede Anshar Sulcus (SS1)

Ganymede palimpsest (SS1)

Ganymede C/A (2880 km)

Science Turn (Jupiter stratospheric map)

Jupiter stratospheric circulation map (UVS)

Turn to return to Earth point

10 full disk map (PPR)

10 C/A (441000 km)

Amalthea full disk imaging (SS1)

16:48

04 ‘11 :50

06 0201

‘11 :08

‘11:3?

111:33

11:4!1

12’00

13:07

14:12

16:44

21:56

2225

07 01:14

E!&!f!.(CQD!hJ.M!j  . .._ . . . . . . . .

Jupiter CIA (762000 km)

Eurc,pa  ICIW phase photometry (SS1)

Europa CYA (673000  km)

Europa main ckcutar  featllr[! (NIMS)

Europa pc,larimetry (PPR)

Last 10 monitoring observation (NIMS)

Caliisto  ICIW phase photomeby (SS1)

Start Playback

Calhsto polarimctry (PPR)

Calllsto  C/A (424000 km)

Calhsto global coverage (NlftiS)

(JTM 11

1 urn for atiitude  maintenance

C)TM-12

First Callisto-3  approach OPNAV

Last Callisle-3  approach OPNAV

C)TM13

End Playt,ack

* denotes Imnsit,on from P[]l to PST,

—-UMUPRT/pST—SflFU_
06:37

07:39

10:06

10:07

14:50

22:21

08 06:25

09:00

16:31

09 03:24

03:25

14:30

23 10:00

08 October 07:00

09 07:38

30 15:23’

01 November 05:30

02 08:00



PROJECT GALILEO QIJICK-I.00K ORBIT’ FACTS

Cal’lkto -- orbit.?
. .

— ..! . . ..--.. .— —
-+

Encounter (Tkiectorv
J J

. -..,....—— . . . —— ——

-.. -—.— —-. . . . . ----------  .. —. —-- .—. ..—. . . . ..— .-. . .

Fir-.
\

Cjallisto C/A

‘L‘-2-i-””-’%’-

F----
-—

C%yrrwde

/ /
Callisto

Occultation

.—— —. . . . . . . . . . . . . . . . . . . .-— . ..- - -—- .. ——..- .

.-

. . . . . . . . . . c—— .d~

P — . . - . — - . .———..—

Science Y[ifltil?ghts
h

6 . . . . . . . . . . —— ——. . /
jtlaanetowhere $atell&~ I.QJDO A tmosvhere

● C’omp[et  ion ? f-first “mini- ●  Ck7(fisto  /%gmt{@mi?l ● White ovalobservations
tour”oJ.j’oman maflneto- ●  $kwpa non-to tgetei o .7upiter northern aurora
sphere etu mm t.er - vokanism  ok, ● .7upiter atmosphere luring

● C’allisto wa@ andp ljikn ● (,lo.vst. 10 approach ~fqiwr .Vokr occultation
win$ crossings ● ~oss propcrli~s  o~ (,’a fkt o

,!

h —..i...—.,——— /

~—
,---—-.

—~

PAGE 1 OF 2 ]
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Pm&t  Cialllm  Oulmsch  24 UWS6  Vmakm 01

Callisto Encounter

04 November 1996
13:30 UTC

Altitude: 1104 km
112 times closer than VGR1

192 times closer than VGR2

Speed: 8.0 km/s

Latitude: 13 deg N

Longitude: 78 deg W

Perijove

06 November 1996
13:27 UTC

Altitude: 8.2 Rj

Earth Range: 5,6 AU

OWLT: 46 min

Encounter Phase

02-11 November

Cruise Phase

11 Nov - 15Dec

.



PROJECT GALILEC) QUICK-LOOK ORBIT FACTS

Calisto - Orbit. ? “.

l===——. - -..-...-=:-n—— . . . . . . . . . . . . .
(jdZisto !F[yGy (jeom(?try

~ - ..4-.-.--—-,4.

\

J1.Ipit<!r
+30 min

ZLzw9
S u n

270W~;}1,0w

-15 nlin
Ear th

-30 mlin
b -.-,  -.--—.-  . . . —. —  ——

———  ..-4 . . . ..-.- . . . H —.  .— .

Time O1-iivwfLdkf.ing
T

EWNT .— - .  — — . .

Start Encounter

First Jupiter aurora observation @VS)

Callisto Asgard Basin observation (SS1)

Gravity field measurement - Callisto  (RS)

Callisto  wake crossing recording (F&P)

Callisto C/A (3510 km)

Callisto Valhalla region observation (SSI)

Callisto dark map observation (PPR)

First ‘White oval” observation (NIMS)

First lo monitoring observation (NIMS)

10 Topographical map (SS1)

High spatial and spectral 10 ohs, (NIMS)

10 C/A (244000 km)

Jupiter C/A (658000 km)

Europa C/A (34000 km)

Europa dark map observation (PPR)

Europa limb occultation ohs. (NIMS)

Last 10 monitoring observation (NIMS)

Science Turn (High phase Jupiter)

IIME@SIWEl)  - . . .  - . .

02 November 1996 08:(113

18:14

03 11:44

1930

04 05’11

05’30

05’35

06:10

18:14

05 20.03

22’0?

06 C13:4S’

04:05

05:2’/

10:43

12:27

12:41

15:?1

18:50

EY.EWI  @xr.tkMx!......_ .  . .–--._ TIK@YxZl-

Las{ “White oval” observabc,n (NIMS) 07

Turn to rclum to E arth poinl

Starl  Eartt, ocwltation  by Jupiter 08

End Earth occultation by Juf~iter

Science 1 urn (ScJar occultatiorl)

Start Sol.sr  occultation by Jupitw

Firsl  Solar occultation observation (LJVS)

Last Jupiter aurora observabon  (SS1)

Turn to return to Earlh  point 09

End Solar occultation by Jupiter

Last Solar occultation observabon  (UVS)

OTM 14

Start F)layback 10
End 1st mfignetosphere “minitour” (F&P)  11

Turn for alldude mainterlance

0TM15 27

F{rst E uropa-4 approach OF’NAV C2 December

Start E uro[,a-4 real-tirne survey  (F&FI)  13

Last luropa4 approach OF’NAV

End Playback 14

.—
09:40

12:30

0?:36

09:15

15:00

18:18

18:35

21:18

02:00

02:15
05:10
23:00
18:00

12:00

12:00

11:43

Ganymede C/A (1050000 km) 2049
h ——- . . . . . . . . 0
f

— . . . ,  - . . . .  -..— .—- — \

01:01
13:00

09:21

16:00

●

L——-_---_-  . . ..- . . _____________ PAGE 2 OF 2
~w Oclll-  WtmM-h = UOy 96  Vwokm01



PROJECT GALILECI  QUICK-LOOK OF{ BIT FACTS

Europa: -- Orbit 4
f —.. —..c——

Encounter ~kjector)~.& —  .-!... —..—.—~
—- —. —. —-- --- - . . ----- ---- ., .- —-. ..—. —..-——  . .-

-—’1,
S u n 44 Earltl

/— - - - 1 - - - - - - -
Jupiter C/ 12118

/\ 12fl 9 1 2/17

Europa C/A=

o

~~~

12/1(;

@

10

12f20 Europn

(kf]ymde

/“
CMlisto

12/21

.—.=--”

Earth

\

-“–+ 12122
Occultation _ _  solar

Occullalioln
-..-—.~ —— ..- . . -,- . . . ..__. __. .,__ __a - .,

\.

“ Quic&T’acts y

Europa Encounter

19 December 1996
06:54 UTC

Altitude: 692 km
1058 times closer than VGRI

295 times closer than VGR2

Speed: 5.7 km/s

Latitude: O deg N

Longitude: 37 deg W

Perijove

19 December 1996
03:22 UTC

Altitude: 8,2 Rj

Earth Range: 6.0 AU

OWLT: 50 min

Encounter Phase

15-22 December

Cruise Phase

22 Dec 96-17 Feb 97

b Jb ———.—  . . . . . . . .—.—./

* ——..,-.......——. ——

Science  ?fighfi.)@s
h

. ————..--,.  -----— ——. A

j!laanetostdkre
●

●

Europa  watffe andnotiti  ●

J@ f.% wing crosn”tlgs
!Morth to south pknna  ●

sheet crossing ●

●

.Worxhenl equatotia[bek  Viot
spot “observations
JI t mospfieric pro~b during
lkvth occultation
Yupiter norttiem  aurora

b - - - - - -

~~—--’--”--”---—----=”~—....—.
~_—_.._..._.--_.

PAGE 1 OF 2
p+dwlbOOUbNCh  Z2UWS6  VW.  I,MO\



PROJECT GALIL.15CI  QUICK-LOOK C)RBIT FACTS

~uroyzz  ●  orbit 4 “..

●
✍✎✍✌ ✍✎✍✎ ✍✍�✍✎✎✎�✎� � � ✎

Europa ~fyby ~eomctq~
%

.-L .\ —,

\

— . . . . . . . . . . . . . . .—— ——.— d

+15 min

Earth & Sc)lar
O c c u l t a t i o n s —

Europa C/

Sun

Earth

——, . . . . . . . .

L%nc (MlkxfListinfl ‘-
●

EVENT —–. .-—._.l!YH!!slscLT) ----
Start Encounter
OTM-16
Jupiter auroral map (UVS)
10 eclipse ingress observation (NIMS)
10 eclipse thermal observation (SS1)
10 eclipse egress observation (NIMS)
First ‘Hot  spot” observation (PPR)
Arnalthea  imaging (SS1)
Thebe imaging (SS1)
10 C/A (321000 km)
Europa global mosaic (NIMS)
Europa day/night thermal map (PPR)
Jupiter C/A (655000 km)
Adrastea  imaging (SS1)
Europa global map (SS1)
Europa Double Linea area (NIMS)
Europa wake crossing recording (F&P)
Start Solar occultation by Europa
Start Earth occultation by Europa
Europa C/A (2260 km)
End Solar occultation by Euro~~
End Earth occultation by Europa
Ganymede C/A (792000 km)
Science Turn (High phase Jupiter)
First high phase Jupiter observation (SSI)
Callisto  C/A (1490000 km)
Last high phase Jupiter observation (SS1)
Jupiter rings observations (NIMS)
Last “Hot spot” observation (UVS)

14 December 199G 16:0[1
15 18.3[1
16 C12 :~1

17 11:06
11:45
13:24
19:20
23:09

18 00:06
13;37
17:17
17:54
19:?2
19:X
19:35
22:?7
22:45
22:54

23:05
23:06

19 12:13
1$!:05
?2:53

20 05:33

07:27
08:06
10:06

LYLNI kcw!inuedl....- . . . . ._._ ._JlWf!N3CET)
1 OK)
08:17
09:44
16:37
17:20

Turn to return to Earth poird
Atmospheric profde  during occultation (RS) 21
Start Eartl  occultation by Jupiter
End Earth occultation by Jupiter
Plasma sheel crossing recording (F&P)
Sfari  Sola’  occultation by Jupiter
End Solar occultation by Jupik!r
Start Playback
End Europa-4 real-time surw!y (F&P)
0TM17
“1 urn for atbtucie mainlenanrx
OTM-18
“turn fclr atldude maintenance
Start Solar cxmjunclion’
I nd Solar conjunction
tiTM.19
I“irsl  [ uropa-6  approach OPNAV
l-urn  for attilude  maintenance
1 ast E uropa-6 approach OPNAV
Start f uropa.6  real-time surve}f  (f&P)
[ rid Playback

22

26
04 January 1997
08

;
06 February

10
15

16

19:00
02:44
03:00
06:49
17:40
12:00
04:30
06:15
14:14
07:09
01:30
20:45
10:02
21:35
01:00
16:00

‘ Solar  conjuncticm contains a phasing orbit fly through the Jovian
system Refer to Jupiter - Orbil  5 supplen  tent,

\ — . . . . . . . . . . . . #
f

.--... -—..,———”~



PROJECT GALILECI  CIUICK-LOOK ORBIT FACTS

.
iter - Or(!il 5- Phzsin. ‘

——-------—=-—~-

Encol!nt(??’ %’(lji?ci.ol:y
——,——— . . . . . . . . . . . . . .——. .— -—

——- ,-. . . ... -__. . .--, ,., -_ ..__ ------ —— . . . . -._.. __

————..., . . ..- —..—.—.,
———  ..,--...”-..

—.—

lime OAwdL$i.ftin.
●

——, \——— . . . ..”--------— ‘—— .—-4
E@U_.– -... . . . . . . . . . . . . ..IIMM!SLKEI) . . . .._
Start Solar conjurrct,oli 10 January 1997 14:14
C+anymedc!  C/A (1 15000j  km) 19 01:35
Jupiter C/A (6460(10 knl) 16:26
Europa C/A (28900 km) 17:12
Callisto  C/A (600000 krTI] 21 1218
10 C/A (1470000 km) 17:25
Stari Solar  occultation by Jupiter 23 00:03
Start Earth occultation by Jupiter 01:54
End Solar occultatorl  by Jupiter 08:51
End Earth occultahon  by Jupiter 10:32
End Solar conjunction 28 07:0’2

“/’
..-~..~Gar)yrledc

,,-=C;allisto- ,-----



PROJECT GALILEO WICK-LOOK  ORBIT FACTS

Europa - Orbit 6
. .

——- . . . . . . . . . . . . . . . . — .——

2Yzcounter (lkqktmy
.

.—.C — . . . . ..-.. (.— — . — .
_..- —_______  . . . . . . ..-— . ..-. .. —--- - —. .-— . . . . ..—

.— ..-

/-4s’’” ‘\

/
,Callisto

N- /“”
“ ?123——-----.---””’

\%siltatiot ~NUkim
.—— —. . . . . . . . . ---- . .. —.. —- —.. -—.-.— .,

“..

v

Quic#@acts  -.
-

Europa Encounter

20 February 1997
17:03 UTC

Altitude: 587 km
1247 times closer than VGR<

348 times closer than VGR2

Speed: 5.7 kmls

Latitude: 17 deg S

Longitude: 324 deg W

Perijove

20 February 1997
20:53 UTC

Altitude: 8,1 Rj

Earih  Range: 6.0 AU

OWLT: 50 min

Encounter Phase

17-23 Februaty

Cruise Phase

23 Feb -30 Mar

jliaonetoswherc J’@Mit  c.<-------- JOy~”an A tmostdiere
● Europa  south J [fvhn ●  %wopa  )lrgiq)c L,infa  and “ .Soutfi equatona{bek -

wing crosfi”ng ot.hrr fines ted regions zone  boundary
● .7upiter magnetic equator ● 10 p(i(tne mon if on”ng * .7upiter  northern aurora

C?win$ ● jupit C) ri?i~s
●  (T)icbe,  jlnialithca

\ ———.. .“.. -..-..——. d— . . . . . . . . . .
—~

L——__ --..-----...-.-– PAGE 1 OF 2
Prowl (Mb 01111.uh z? My $6 Vw.bl01



PROJECT GALILEO Q(JICK-LCIOK  ORBI1 FACTS

Euro]xz - Orbit 6
● .-!--——-.

“—-~~uropa ~(ybj ~eometry
.~

Earth

Sun

nin

The (hdered.lifting

~.._. . ..—.XEI.S.CLII  . . . . . . .
Start Encounter

OTM-20

Firsl 10 monitoring observation (SS1)

Real-time Jupiter aurora ohs. (UVS/EUV)

Jupiter auroral map (UVS)

First belt /zone observation (SS1)

Thebe  imaging (SS1)

Europa Terra Incognito ohs. (NIMS)

10 C/A (401000 km)

Europa Argiope Lines ohs. (NIMS)

Europa Alfv6n wing recording (F&P)

Europa high resolution C/A ohs. (PPR)

Start Earth occultation by E uropa

Europa CM. (2150 km)

Start Solar occultation by Europa

End Earth occultation by Europa

End Solar occultation by Europa

Jupiter C/A (652000 km)

Jupiter magnetic equator recording (F&P)

Amalthea  imaging (SS1)

16 February IW? 16:00

16:15

17 13:43

18 ()():34

16:55

18:31

19 15:01

20 04:CR

M :04

08:05

08:36

09:(13

05’:04

09:16

09:17

12:73

13:06

13:55

Europa global color map (SS1)

Last belt /zone observation (NIMS)

Last 10 monitoring observation (SS1)

Ganyme5e  C/A (318000 km)

Calhsto CIA (279000 km)

Start Playback

OTM-21

Science 1 urn (Solar occultation)

Start Solar oczdtation  by Jupiter

Jupiter nrlgs observation (NIMS)

Tum tc~ rehm  to Earth poin!

End Scku occultaticm by Jupiter

End Eurupa-6  real-time suwcy  (F&P)

Starl Earth ocdtation  by Jupiter

End EartlI occultation by Jupiter

OTM-?2

?um fcv attitude maintenance

Start C+arlymede.7  real-tinle  survey (F8P)

First Ga!lymede-7  approac$  OPNAV

End Playback

21

22

23

25

26

27

13 March

17

20

22

30

17:23

02:04

02:56

08:26

14:55

17:30

20:00

03:47

05:27

07:33

16:44

17:15

19:00

11:13

00:48

17:15

09:10

17:59

15:38

08:00
. —..-.. —.. &

/
—— . . . -.-.——. .=

—=~

L_—-_______...-a. ._ . . . _______ PAGE 2 OF 2
~wwibodr.uh=w=  Vubkl.-lol



PROJECT GALILEIC)  QIJtCK-1.00K  ORBl”r FAC;TS

~anynzedi.- orbit 7
—, —..!. ..-_...— .—..

Encounte7*  Tiujccto~~ ~
.—- —.——-. ,-, . ----,  --- ------  .- —---- —. .-—.+.._ .-, .

.— -—--\

Callistc)

~,—..--”-

Ganymede Encounter

05 April 1997
07:11 UTC

Altitude: 3059 km

37 times closer than VGRI

19 times closer than VGR2

Speed: 8.5 km/s

Latitude: 56 deg N

Longitude: 88 deg W

Perijove

04 April 1997
11:04 UTC

Altitude: 8.1 Rj

Earth Range: 5.5 AU

OWLT: 46 min

Encounter Phase

30 Mar -06 Apr

Huise Phase

06 Apr -04 May
—.— ... . . .. —=.=..—.— . . \

~—,—... A

““”’—–—~Science .Wiflhiioht.f
< <J c)

—— . . . . . . . . — - - - — .  —-n-l-.. /

j14aaneto.where JLILl?lJ@?$ Jovian A tmoqhere
● ~a nyrrdi?  nor? h A @h “ $’m~yrueidr  htjh energy

● Visua[r ckar or ‘Brown
wing crossing irnpoct  regions (~”t tu, etc.) barge” regions

●  First daunt side plhna ●  %ulopa non-tnfgeted
● .Yupiter nor-them aurora

sheet crosfi”ng encounter
● Calhst ofi~fl co[orglbba[

rrio~a i{

b
—“----—----—.——
— ““--’’--———.—— )

* PAGE 1 OF 2—. —.-! . . ..—-.. ————.
h*HOaUboOulruch  22 Uq,6  Vwrdm  OI



PROJECT GAL.fl.EO QUICK-LOOK ORBIT’ FACTS

,..

+ l-...  !-.e.  ----.,

—m——”~
~anyrnedli  F/$h~iemnet7y. -.. .

● ���✎  ..!-..-.-. . . ,—,-~

%ine OdlwxfLtisting—“”~
b ———w..!z.e.--.-m,..,.—.”—. ——~

EYENT -— -  .-—----.--I!WPS.TH?]:KW  -  .  .
Starl Encounter 30 March 1997 08:00

Dawn side plasma sheet recording (F&P) 10:50

Last Ganymede-7 approach OPNAV 31 18:13

OTM-23 20:40

Callisto polanmetry (PPR) 01 April 15:{)[1

Real- t ime Jupi ter aurora (UVS/EUV) 02 03:40

First ‘Brown Barge” observahon  (UVS) 0’1 ::{[)

Callisto  global color  image (SS1) 08:39

Jupiler  auroral map (UVS) 08:50

Callisto  C/A (636000 km) 0[1:52

Callisto  global coverage (NIMS) 10:45

First 10 monitoring observation (NIMS) ?1:15

Europa full disk image (SS1) 03 09:44

10 C/A (531000 km) 13:11

Europa dayside global thermal map (PPR) 18:32

Europa Tyre Macula region (NIMS) 21:49

Europa C/A (24600 km) 22:00

Jupiter C/A (652000 km) 04 03:04

Last 10 monitoring observation (SS1) 16:15

Ganymede Nicholson Regio  (SS1) 22:29

EYENL  _ . . . . . . . . . . . . . . . . . . . . . . . . .

Ganynmdc  Kittu region (SS1)

Ganymedp  Alfven  wing recording (f&P)

Ganyrnedc  polarimetry  (PF’R)

Ganymedc  C/A (5690 km)

($anymede globsd  surface map (N! MS)

Last ‘brow,  Barge” observation (NIMS)

Start Playback

t3TM-24

Lnd Ganyfl~ede-7 real-time survey  (F&P)

1 urn for ati,tude  maintenamx

0TM25

I Irst C+anyll,edc6  approach (WNAV

Start Ganyr!lede-9  real-time suwey (f’&P)

1. ast Ganyrr,ede6 approach OPNAV

I nd Playback

‘denotes transition from PS1 to PD1.

_T~ (PST/PDT-SCET) _

22:40

22:56

23:04

23:11

05 06:22

06 08:56’

09:00

07 22:15

14 13:00

18 11:00

21 03:00

01 May 16:54

02 15:30

21:25

04 08:00

b — . . . . .—--.—
——.. . . . . . . . . .

——=~

“



PROJECT GALILEO QUICK.  L.00K ORBIT FACTS

@ymx?dc  ●  orbit 8*. ..
~-—---’-””---”’—------”

2ancounter 9?? jector)~ 7
b —.— . . . . . ..-.—... —— ——

-... —.—.—— - .- . ,. --- . . . . . .. —..,-- -—-. .—

——- ,.. . . . ---- ..--. .,.-—  . ---- .—. .. ——.. - -.. .

k —.—— . . . . . . . . . . . . . . . . —— ——.J
~—’ ..-... -—-... .—. —— . —.. ..-#. -

p @ic~Ff.zcts

Ganymede Encounter

07 May 1997
15:57 UTC

Altitude: 1585 km
71 times closer than VGR1

38 times closer than VGR2

Speed: 8.6 km/s

Latitude: 29 deg N

Longitude: 274 deg W

Perijove

08 May 1997
11:42 UTC

Altitude: 8.3 Rj

Earth Range: 5.0 AU

OWLT: 42 min

Encounter Phase

04-n May

Cruise Phase

11 May -22 June

Start of second ‘tnini-tour”  ●

oj Jow”an magnetosphere
Cja?lpnede ‘tipst.rearn”
wake crossing ●

9

Jg!jol  A tmosmtiere
●

●

✎✍✍✎✎✎ ✍✎�✎✎✎� �� ✏

✏
� �  ..!-- . . ..—— —— .—

\

(jan-ymcA w![acc “I South  pohr kzze zone
n]orpholo$  y: Ckiris,  ~iamat @ .7upiter northern ad
.Vu[c us, et; southern aurora, Io
Ca[iislo  non-tf7rgeted -footpri?lt
c nroun tet: South Q’o[e
%ict is, Him (VIA on@)
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PROJECT GALIL. ECI QUICK-LC)C)K C) RBII” FACTS

8 ‘...

* . . . . . . ..— —-. —.. —.. —z..—
T

CIime (3rdi7dListing

MNT -.—. _—.-ll&(EQUicElcEl  1 . . . . . . . . . .
Start Encounter 04 May 1997 09,00

OTM-26 09.30

Elara observing (UVS) 17:00

Science Turn (10 plume monitoring) 05 0310

First 10 monitoring observation (SS1) 06 0233

Callisto  south pole ohs. (NIMWVS) 04:13

Callisto  south pole imaging (SS1) C15:0.8

Callisto  C/A (35900 km) 05:11

Callisto  polarimetry / thermal ohs. (PPR) 05:56

Jupiter auroral  asymmetry map (UVS/NIMS) 16:3/

Jupiter auroral variability map (UVS) 18:10

10 C/A (956000 km) 07 00:31

First south polar haze zone ohs. (UVS) 04:17

Ganymede Orisis observing (NIMS) 06:1[!

Ganymede clayside thermal ohs. (PPR) (MM

Ganymede Ttamat  Sulcus (SSI) 07:)!1

Ganymede C/A recording (FISP) 013:3?,

Start Earth occultation by Ganymede 08:56

Start Solar occultation by Ganymede 08:57

Ganymede C/A (4120 km)

B!ENI k’?nhd)--- . . . . .-–. TIME (PDT-SCF~

E~nd E arth occultation by Ganyrnede

End Solar occultation by C$arlymede

1 urn to return 10 Earth poinl

Lasl 10 mcmitorillg  observation, (NIMS)

Europa C/A (1290000 km) 08

Jupiter C/A (663000 km)

Metk  imagmg  (SS1)

Last south polar haze zone c,bs.  (NIMS)  10

OTM 27

Start Playback 11

End Ganymede$  real-time swvey  (F&P) 13

WI Earttl  occultation observing (RS) 24

Start Earth occultation by Jupiter 25

End Earth cwcultation  by Jupik!r

End Earth occultation observing (RS) 26

Start 2nd n Magnetosphere “mini. tourn  (F&P) 02 June

C)1M28

I’irst Callisb-9 approach OFNAV 17

Last CallWch9  approach OPNAV 20

End Playback 22

09:03

09:05

12:04

15:58

02:49

04:42

0934

16:18

19:00

09:00

07:00

22:04

02:36

20:52

01:25

09:00

20:00

22:30

18:45

09:00

~ -....---.-----.-.-.–—
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PROJECT GALILEC) WICK-LOOK OF{ BIT FACTS

ca6i!i!st0 - orbit 9
. ..

——, .. . . . . . . . . . . .
Encou.nte?- %n~cctorj~ — — — .

., -.——.. . . . . . . . . . . . . . . . . ,,_. _ —.
—. —.._—---- . . . . . . . . . . . . - -. .. ___ -_ ._,__

‘6/30
\Callisto

\_ -,--- “

/
./0

—- —._—--- .--- ---..,---  ..-. .._ ..,__ _— . .._. ___ . .

‘Zh@e deep  magnetotai[  ●

passage (143 Q- Awing
cruise pfiasg), b
Centra[orbit  in second
‘+nirli-tour” of.70wa?1 ●

magnetosphere

.

●

@ic@acts”

Callisto Encounter

25 June 1997
13:47 UTC

Altitude: 416 km
298  times closer than VGRl

511 times closer than vGR~

Speed: 8.2 km/s

Latitude: 2 deg N

Longitude: 259 deg W

‘erijove

27 June 1997
11:52 UTC

Altitude: 9.8 Rj

Earth Range: 4.3 AU

OWLT: 36 min

~ncounter  Phase’

22-29 June

fuise Phase

29 June -14 Sept

A
—— . . . . . . . . . . . . . .._

—,—! .  .  .  .  .  .  .  .  .  .  .  .  _

Science .7fig/ifight.q——”-”~
——. ..,-= .—,- . .._—.. ——““~

~l? J21J.Cl%w?,f l(w~m A tmoq)here
● (,’alfisi  o Va[ha{h mulii  -

● ~rea t %&fspot
n’ngcd st n~ctute e ~ :quatotilplurne  head
$’a?l-yme~k  non- tar~etpd ~ jlpiter nor-them and

●

t

Cncou?lte’r’ southern aurora, 10
Mrt i~, .Adrost.cl~,  jima[thea, footprint
~k?br & ‘~[igh sobrphase  angk
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PROJECT GALILEO WICK-LOOK ORBIT FACTS

Cdiisto - or6it 9. . ..,P —— ..! . . ...-...,—“——— “’”””~
Califist.o  T[y6y gkomq. .

& .--.,

+15 nlin  -

Earth & Solar
Occul tat ions ‘----

Caliisto C/A /

- 15nlifl

!Jupiter

Earth

1 rww

I

Sun

* —.—- . . . . . . . . . . . . . . . .———.. ●

LZme Ord&’edListing
k —c . . . . . . . . . . . . . .———. Z #

FVFN T —-.. -—-----.-IWWQ13GI”II..  ..ii:o  ; EWO  (.wJiluedL–.__  . . . . . . . TIME (E!!XXFT)
22 June 1997 .,. Lasl 10 monitoring observabon  (NIMS) 13E

Last plum~ head observatiorl  (NIMS) 14;12
Start Encounter
OTM-29
Science Turn (Callisto encounter)
Callisto  dark map (PPR)
Callisto  C/A recording (F&P)
Start Earth occultation by Callisto
Start Solar occultation by Callisto
Calli$to  C/A (2820 km)
End Earth occultation by Calhslo
End Solar occultation by Callisto
Callislo Skuld  crater ohs, (NIMS/UVS)
Callisto Valhalla regional otis, (SS1)
Turn to return to Earth point
First Great Red Spot observation (SSI)
First plume head observation (SS1)
First Jupiter auroral  observation (UVS)
Thebe imaging (SS1)
Adrastea imaging (SSI)
Ganymede C/A (82600 km)
Ganymede Perrine / Galileo Regio (SS1)
Ganymede polarimetry  (PPR)
Ganymede global mosaic (NIMS)
Amalthea imaging (SS1)
Europa C/A (1200000 km)
First 10 monitoring observation (NIMS)
Metis imaging (SS1)
Jupiter C/A (770000 km)
10 C/A (607000 km)
Last Jupiter auroral  observation (UVS)
Last Great Red Spot observation (NIMS)

23:18
24 23:M
25 04:42

06:2G
06:39
06:40
ob:47
CW5Ei
O&[fi
07:26
08:11
12:04
1(1:?6
22:57
?3:?7
23:56

26 06:11
I[l:fg
10:46
11:3B
14:53
16:35

27 03:09
03:33
M :25
04:57
19:31

28 07:01
0859

Start”Pla  yback
OTM 30
Science ?um (Insburnent  Ceht,ration)
TUm  tO re[UfTI to EIarth poirll
Dusk magnetotail  ohs. @ 130 Rj (F&P)
Start Solar occultation by Jupiter
End Solar occultation by Jupitw
Start E artb occultation by Jupitw
End Earth occultation by Jupiter
First apojove  magnetotail  ohs. (F&P)
Second apojove  magnetoteil  ohs, (F&P)
OTM-31
Turn fclr atiitude maintenance
[)awn magrielotail  ohs, @ 130 R~ (F&P)
Science Turn (}iigh phase Jupiter)
Jupiter high solar  phase ohs. (W)
1 urn to return to Earth point
F Irst Callisk,  10 approach OPNAV
Science 1 um (thgh phase Jupiter)
.)upiter high solar phase ohs. (SS1)
1 urn 10 return to [,arth poini
1 ast Callisto 10 approach OPNAV
[ nd Playback

29
10 July
14

23
29
30
01 August
02
07

08
09
23
02 September

09
10

12
13

09:00
11:00
00:27
05:41
07:19
04:54
11:40
03:26
04:42
04:06
06:36
10:45
09:00
07:07
19:45
22:56
23:31
22:13
04:25
07:26
08:01
13:25
17:00

b

~—”—””~==”’~fc . ..! . . .. —.-  . . .

,
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PROJECT GALILEO QUICK-LOOK ORBIT FACTS

Callist(l ‘-  orbit .10
.,

# —.—— . . . . . . . . . . . . . . . — —.-——--

En.count.er  Lkf7jcct.ot-y
.

. ..-!-.. -.--., .-—.—”
.-.. -—.— ——. . . . . .,--  . . . . . .. —.. —- .—. ..-— . . . ..-— . .

$s21

\

/ 9+
Callisto //

~._---”
—.. —.——---- . . . . . . . . . ..--, .,.-— ..__ _, .-_... . . . . . .

‘-

“ Quic~T’acts  *

Callisto Encounter

17 September 1997
00:21  UTC

Altitude: 524 km

237 times closer than VGRI
406  times closer than VGR2

Speed: 8,2 km/s

Latitude: 5 deg N

Longitude: 79 deg W

Perijove

18 September 1997
23:13 UTC

Altitude: 8,2 Rj

Earth Range: 4.3 AU

OWLT: 36 min

Encounter Phase

14-20 September

Cruise Phase

20 Sept -02 Nov

—C.  ..-... ”.tm.,  +,———”/

b —— . . . . . . . . . . . . . . —“——”~
.kime  .Highfigfits

j14aa?leto.dier< $at.dlilge.! Jgmim Atmostdiere
● compbt ion of second ●

●

‘+ni7;i-touN ojbtnan
magnetosphere ●

Jupiter ?nagnetic equator
crossing ●

,,
●

%fd  i$, 5V%rialii
—--- . . — .— /—.. . . .. . . .

—“~
PAGE 1 OF 2 )

!--! I.. M----  . . .
———----———————.~P@9.d  cmlko  cwhuh 22 May  n. Vemkm  0.1

.nf07~.fi pofiv liaze region
.%fpiter  northern  arui
southern aurora
Jupiter  aurora aniffightning
(wing sofhr occultation

.



PROJECT GALILEC) QUICK-LOOK ORBIT FACTS

Calisto - orbit 10
~— .-!.. ---—-.

.–”--———TL’ilCfi.ft 0 fVyGy $’mrwt.ry-.

270W

1

+15 min

d --. Callistcj (YA Sun

Earth

h 1-15 nlm

——— .  ....-Z. . . — — —  —
● ��� ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ �✎�

Tim OrdcrdLkting
9

EVF TN -.——. .  . . — .--.l!ME&mfNl:$fllL -
Start Encounter

OTM-32

Himalia  observation (UVS)

Callislo gravity field measurement (RS)

Callisto  C/A recording (F&P)

Callisto  Asgard transect (SSI)

Callisto CIA (2930 km)

Callisto  bright limb ohs. (NIMWJVS)

First Jupiter aurora observation (UVS)

First north polar haze region ohs, (UVS)

First 10 monitoring observation (NIMS)

Amalthea observing (NIMS)

Ganymede C/A (1690000 km)

Jupiter magnetic equator recording (F&P)

Jupiter C/A (656000 km)

Adrastea / Metis observation (NIMS)

10 C/A (319000 km)

Europa C/A (621000 km)

Thebe imaging (SS1)

Science Turn (High phase Jupiter)

Last 10 monitoring observation (NIMS)

13 September 1997 17:00

19:00

16 04:59

07:27

16W

16:56

17:?1

17:73

17 07:12

09:01

1’4:34

18 0’9:0!1

112:58

15,36

16:13

17;15

21:43
22:73

19 00:16

00:47

17:41

H!HU (wntiwxl.. . . . . . . ..__ TIMF  [PD1/PST-SCET~_

Last Jupiter aurora otmervaton  (NIMS) 21:14

Stari Playback 20 07:30
Turn to return to Earth point 07;45

Last north polar  haze region ohs, (NIMS) 11:08

OTM-33 14:30

Start Earth occultation by Jupiter 29 02:51

End [ arth occultation by Jupiter 30 03:19

SkIrl Solar occultation by Jupiter 05 October 06:00

Science Turn (Solar occultation) 07:43
Europa volcanism observation (SSI) 11:04

Jupiter lightning /aurora ohs, (SS1) 11:09
10 aurora/ Jupiter rings ohs. (SS1) 12:48

Turn to return tc) E arth point 18:50

End Sotar  cmcultation  by Jupitw 23:59
0TM34 18 09:00

End 2nd niagnelosphere  *mini tour”  (F&P)  25 15:00

F Irst Europa  11 approach OF’NAV 28 18:15’
Start Europa.11 real-tinle  survey (F&P) 01 November 14:00

I.astEuropa-11 apprc,ach W’NAV 02 03:45
End Playback 08:00
‘denotes bansiton  from PDT  to PST,

~._a— . . . . . . . .._..._—–_ PAGE 2 OF 2
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PROJECT GALILEO QUICK-L.00K  ORBIT FACTS

.
‘ Encounter qiujectoIy

1

—- —. ——— .,. . . . . . . . . . . . . . . . . . . . . . . -_. . .__,..-._ . . . .

. . ..—.——-- ---, --------- . . . . . . -—. . .- - -—. ..— .---— . . .

(yQ
,k)

.

‘  Qpic~Facts

Europa Encounter

06 November 1997
2 1 : 4 6  U T C

Altitude: 1125 km

651 times closer than VGRI

181 times closer than VGR2

Speed: 5.5 km/s

Latitude: 66 deg N

Longitude: 144 deg W

Perijove

07 November 1997
00:57 UTC

Altitude: 8.1 Rj

Earth Range: 5,0 AU

OWLT: 41 min

Encounter Phase

02-09 November

Cruise Phase

09 Nov -07 Dec

b .—...1-4  . . . . . . . . — — —  . % J
—.—..!...—-...—..—

$ciencc .~fighfights ~L —.— . . . . . . .. —-...=.—-..~
jllagneto.derg &l~@:t,($ -@jan Jltmo.@ere

● !Eu ropa A $vin wing ●  WiW ck ralige  q :uropa * (j[obalequatoria[
crossing okwai!ions wtith ‘i9(t ra - h-ykogen map

● Last. reafit  imc survey violi’t.  $wctrorfteter ● .7upiter  aurora
oJ.7ovian  ?nagncto@ere ● 5Vfas.f  pt opcrlirs  OJ

~ :u?opa

. . . . . . . . . . .————-~

~–—-- .  .  .  .  .  .  .  . . . - - - ”

c--, -.. —-...

.  ..~At+ul Q.lllw  Oulmuh  22 Uq s6. Vwslm  0.1

.



--

. .
w .—— . . . ..—..— .—

Eump T(y6y (jknnet-?y -—~
k ——-. .—..

\

—— “ /

+ 15 min

Jupiter ~E.urcW~\  CIA

@

.. .
.,

Ow

2“?OW

Sun

Earth

EYENT ._._..._ .aEEsGEE1)E.l).  . . . . . . . .
Start Encounter 02 November 1997 08:00
OTM-35 03 13:46
Callisto  C/A (682000 km) 04 23:35
Europa C/A (2690 km) 06 13:46
Jupiter C/A (652000 km) 16:57
Ganymede C/A (1560000 km) 07 02:10
10 CIA (780000 km) 15:X3
Start Playback 09 08:(KI
End Playback 07 December 1997 08:[112

End of Galileo Prime Mission 07 December 1997 08:00

* Science details of the Europa -11 encounter and cruise have  not
been determined al this time.


